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HYDRAULIC  COMPRESSED  AIR   IN   CONNECTICUT. 

BY  J.    HERBERT  SHEDD,   CONSULTING   ENGINEER,    PROVIDENCE,   R.   I. 

[Read  September  15,  1904.'] 

The  use  of  compressed  air  for  the  development  and  transmission 
of  power  is  very  old.  On  the  walls  of  a  tomb  in  Egypt,  there  is 
a  representation  of  two  men  standing  on  leather  bags  of  air,  alter- 
nately pressing  them  down  with  their  feet,  to  produce  a  blast  for 
a  furnace.  The  ancients  used  compressed  air  in  blow  guns,  in 
forming  jets  for  fountains,  in  blasts  for  forges,  and  for  other  pur- 
poses. Papin  used  compressed  air  for  forwarding  packages,  in 
tubes,  two  hundred  years  ago  in  France.  It  has  long  been  used 
in  diving-bells  and  in  tunneling.  Brunei  used  it  in  tunneling 
under  the  Thames  in  1825.  In  1849  compression  was  proposed 
to  be  performed  in  stages,  with  inter-coolers  between  each  stage, 
to  get  750  pounds  pressure  for  locomotives. 

The  first  successful  use  of  compressed  air  for  the  transmission 
of  power,  as  now  known  and  used,  was  at  the  Mt.  Cenis  tunnel 
in  1861,  where  air  was  compressed  to  five  atmospheres  by  two 
methods,  one  being  by  pumps  or  rams  in  which  water  was  the 
piston,  but  though  the  air  came  in  contact  with  the  water,  it  was 
only  slightly  cooled,  at  the  surface  of  the  water  and  around  the 
walls  of  the  cylinders. 

About  1870,  at  Vienna,  and  later  in  Paris,  a  system  was  installed 
for  working  and  regulating  a  great  number  of  clocks  by  the  use 
of  compressed  air  from  a  central  station.  This  soon  developed 
into  an  extremely  important  system  of  power  transmission.     Paris 
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now  has  great  compressor  ])lants  supplying  25  OUU  horse-power, 
and  more  than  50  miles  of  distribution  pipes,  supplying  air  at 
75  pounds  pressure  to  thousands  of  customers,  who  use  it  for  every 
purpose,  from  cooling  beer  or  dusting  furniture,  to  running  elec- 
tric light  dynamos.  A  little  stove,  with  a  common  kerosene 
lamp,  is  used  to  heat  the  air  before  use  in  the  small  motors.  The 
motors  in  use  range  in  size  from  one  tenth  of  a  horse-power  to 
150  horse-power,  most  of  them  being  less  than  one  horse-power. 
They  are  started  or  stopped  by  simply  opening  or  closing  a  valve. 

The  cooling  of  the  air  while  it  is  being  compressed,  and  reheat- 
ing it  for  use  in  engines,  are  matters  of  great  importance.  If 
the  air  is  cooled  as  it  is  being  compressed,  the  volume  will  be  much 
smaller,  under  a  given  pressure,  than  the  same  amount  of  air 
would  occupy  if  allowed  to  retain  the  heat  caused  by  compression. 
Then  again,  if  the  compressed  air  is  heated  just  as  it  enters  the 
engine,  the  volume  will  be  much  increased,  while  the  same  pres- 
sure is  maintained.  The  economy  in  using  coal  for  developing 
power  in  this  way  is  so  great  that  four  or  five  times  as  much 
power  can  be  secured  from  a  pound  of  coal,  through  reheating 
the  air,  as  can  be  secured  through  making  steam.  The  reason 
for  this  is  chiefly  that  a  great  portion  of  the  heat  of  the  coal  is 
absorbed,  and  becomes  latent  and  ineffective,  in  turning  water 
from  the  fluid  to  the  gaseous  form  in  making  steam  power,  and 
no  such  loss  occurs  in  expanding  the  air  and  so  increasing  its 
power.  It  is  feasible  to  increase  the  power  of  an  air  engine  fifty 
per  cent.,  by  such  reheating  of  the  air. 

The  method  of  compressing  air  by  entraining  it  in  water,  and 
causing  it  to  pass  down  in  the  water  to  a  great  depth,  so  that  it 
is  subjected  to  a  great  weight  of  this  incompressible  fluid,  is  an 
ideal  one.  In  this  way  the  air  is  compressed  isothermally,  the 
heat  of  compression  being  absorbed  steadily  by  the  surrounding 
water,  and  the  air  is,  therefore,  delivered  to  the  pipe  line  as  cool 
as  the  water  through  which  it  has  passed.  The  compressed  air 
is  also  drier,  or  will  be  when  used  in  the  motor,  than  the  atmos- 
pheric air  from  which  it  was  withdrawn.  This  comes  from  the 
fact  that  the  surrounding  water  absorbs  the  moisture  precipi- 
tated from  the  air  as  its  capacity  to  hold  water  is  diminished 
under  compression.     A  dry,  cool  air  is  thus  secured  for  the  dis- 
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tribution  system,  comparatively  free  from  the  danger  of  freezing 
on  its  way  to  the  motor,  or  on  its  expansion  in  or  from  the  motor. 
Where  there  is  no  moisture  to  freeze,  there  is  no  freezing. 

I  have  been  asked  to  describe  to  you,  briefly,  some  of  the  features 
of  a  recent  installation  of  a  plant  for  the  hydraulic  compression 
of  air,  to  be  transmitted  a  few  miles  for  use  in  the  development  of 
power.  This  plant  is  on  the  Quinebaug  River,  just  above  its 
junction  with  the  Shetucket  River  in  Connecticut,  and  alongside 
the  track  of  the  Norwich  &  Worcester  Railroad,  near  the  point 
where  the  track  passes  through  a  tunnel;  which  fact  has  given 
the  name  of  the  tunnel  privilege  to  the  falls  which  have  been 
utilized  by  the  establishment  of  this  plant.  At  this  point  the 
river  passes  through  a  narrow,  rocky  gorge,  and  to  utilize  the  full 
fall  available,  the  surface  of  the  water  above  the  dam  must  be 
brought  within  a  few  feet  of  the  level  of  the  track.  This  condition 
made  necessary  the  adoption  of  devices  for  limiting  the  height 
to  which  flood  water  would  rise  over  the  proposed  dam,  so  as  not 
to  overflow  the  railroad  track.  For  this  purpose  the  length  of 
overflow  on  the  dam  was  increased,  so  far  as  practicable,  by  laying 
the  plan  of  the  dajn  somewhat  in  the  form  of  the  letter  Z,  thus 
about  doubling  the  length  of  the  overflow  of  the  dam,  and  of 
course,  correspondingly  decreasing  the  thickness  of  the  sheet 
of  freshet  water  passing  over  it.  Another  device  consisted  in  the 
establishment  of  automatic  fiashboards,  so  designed  that  with 
the  water  at  the  normal  stage  of  the  river,  the  fiashboards  would 
retain  their  position  and  hold  the  water  to  the  full  allowable 
height,  but  upon  the  increase  in  the  discharge  of  the  river,  and 
consequent  rise  of  the  surface  above  the  level  of  the  fiashboards, 
they  would  turn  to  a  nearly  horizontal  position  and  so  open  a 
passage  for  the  water  to  a  level  between  three  and  four  feet  lower 
than  the  top  of  the  fiashboards  when  in  their  normal  positions. 

In  the  plan.  Fig.  1,  the  positions  of  the  screen,  gates,  and  com- 
pressor tank  are  to  be  seen  upon  the  left  bank  of  the  river.  The 
shore  and  the  bed  of  the  river  at  this  point  are  of  ledge,  but  the 
bed  of  the  stream  had  been  filled  in  places  to  a  considerable  depth 
by  bowlders  unattached,  though  compactly  placed,  and  it  was 
not  considered  safe  to  form  the  dam  upon  any  other  material 
than  the  solid  ledge  in  place.     Laborious  and  expensive  excava- 
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tion  was  necessary  in  some  places  to  uncover  the  ledge,  and  at 
points  excavation  was  made  considerably  below  sea  level. 

To  protect  the  men  from  inundation  by  the  water  in  the  river, 
coffer  dams  were  erected,  covering  successively  different  portions 
of  the  excavation,  and  these  coffer  dams  were  generally  formed 
of  square-edged  planks,  set  vertically  and  supported  by  timber 
cribs. 

The  dam  is  formed  of  what  is  called  Cyclopean  concrete,  con- 
sisting of  Portland  cement  mortar  with  stone,  gravel,  and  sand 


Fig,  1. 


of  varying  sizes  up  to  those  as  heavy  as  could  be  handled  by  the 
derrick.  These  materials  were  so  mixed  that  no  two  pieces  of 
large  size  would  touch  each  other,  but  every  piece  was 
surrounded  and  encased  in  materials  of  less  size  down  to  the 
fine  powder  of  the  Portland  cement.  These  materials  were  so 
placed  as  to  form  a  dam  of  the  necessary  stability,  and  the  form 
of  section  for  this  purpose,  as  adopted,  is  shown  in  Fig.  2. 

The  materials,  while  the  cement  was  setting,  were  held  in  posi- 
tion by  forms  of  plank  set  to  enclose  the  dam  and  removed  when 
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Fig.  1.     .Showing  Forms  axu  Chahactek  of  Coxcrete. 


Fig.  2.     Junction  of  Sections  of  the  Dam. 
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the  mortar  had  set  sufficiently  for  that  purpose.  The  positions 
of  some  of  these  enclosing  forms,  together  with  the  character  of 
materials  used,  may  be  seen  in  Plate  I,  Fig.  1. 
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When  the  concrete  structure  had  arrived  at  a  sufficient  eleva- 
tion to  form  the  floor  of  the  inlet  to  the  compressor,  the  surface 
was  carefully  leveled  and  floated  and  troweled  to  the  right  ele- 
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vat  ion.  This  was  at  the  lower  end  of  the  dam  on  the  left  bank 
of  the  river. 

It  was  necessary  to  control  the  access  of  water  from  the  river 
to  the  head  tank  of  the  compressor,  and  for  this  purpose  substan- 
tial mill  gates  were  used.  These  gates  control  three  openings, 
eleven  feet  wide  and  eleven  feet  high  each.  These  gates  can  be 
operated  by  a  small  water  wheel  set  in  the  head  wall  of  the  dam. 

In  constructing  the  dam  it  was  necessary  to  put  it  in  in  sections, 
so  that  the  river  might  be  diverted  and  passed  through  or  over 
one  section  while  another  section  was  being  constructed.  In 
making  a  junction  of  a  new  section  with  one  which  had  been 
previously  built,  care  was  taken  to  lock  the  two  together  as  securely 
as  possible  to  obtain  a  tight  connection  and  one  w^hich  would  have 
the  greatest  available  strength.  The  surface  of  a  section,  par- 
tially constructed,  at  one  end  of  an  angle  in  the  dam,  and  where 
preparations  were  making  to  begin  the  construction  of  a  new 
section,  is  shown  in  Plate  I,  Fig.  2. 

The  fiashboards,  designed  to  open  and  furnish  additional  oppor- 
tunity for  storm  water  to  escape,  are  substantial  structures,  formed 
of  white  oak  and  steel,  in  sections  six  feet  in  length  and  three  feet 
seven  inches  in  height.  Efforts  have  long  been  made  to  construct 
automatic,  or  movable  dams,  which  would  open  when  the  quan- 
tity of  water  flowing  in  the  river  required  it,  and  would,  of  them- 
selves, close  again  when  the  water  in  the  river  had  returned  to 
a  safe  level.  Nearly  seventy  years  ago  a  dam  was  formed  of  a 
series  of  shutters,  in  France,  with  the  axis  so  placed  that  the 
pressure  of  water  above  and  below  would  be  equal  when  the  level 
of  water  in  the  pond  stood  at  the  top  of  the  fiashboards;  that  is, 
the  axis  was  one  third  the  height  above  the  bottom  of  the  flash- 
boards.  When  the  water  rose  above  this  point,  the  pressure 
became  unequal  and  was  greatest  above  the  axis.  When  the 
dam  opened  and  relieved  the  pond,  it  was  found  that  the  dam 
would  not  set  itself  up  again  against  the  stream,  after  having  once 
opened,  and  therefore  the  automatic  action  sought  for  had  not 
been  accomplished.  In  the  present  instance  the  fiashboards 
are  so  hung  that  they  do  automatically,  and  gradually,  open  and 
close  as  the  water  rises  above  the  crest  or  falls  to  a  level  with  it. 
Some  details  of  these  fiashboards  are  shown  in  Fig.  3,  and  a  view 
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of  the  top  of  the  dam  with  fiashboards  wedged  in  various  posi- 
tions is  shown  in  Plate  II,  Fig.  1.  When  the  water  in  the  pond 
is  at  its  normal  level,  and  the  flashboards  ^are  in  their  normal 
positions,  the  point  of  bearing  on  the  axis  is  at  one  third  the  height 
of  the  flashboards  above  the  bottom,  or  at  the  center  of  the  pres- 
sure of  the  water.  The  lower  portion  of  the  flashboard  is  so 
weighted  that  the  center  of  gravity  of  the  moving  parts  is  below 
the  point  of  bearing,  and  upstream  from  the  perpendicular  line 
drawn  through  the  point  of  bearing.  The  flashboard  is  hung 
on  a  rolUng  hanger,  confined  in  place,  having  such  a  form  that 
as  the  height  of  water  against  the  dam  increases  and  tips  the  flash- 
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Fig.  3. 


board,  the  resisting  point  of  thd  flashboard  rises  to  meet  the  new 
center  of  pressure  and  the  resultant  forces  produced  by  the  moving 
water.  In  its  new  position,  the  resistance  of  the  flashboard  to 
motion,  and  the  forces  tending  to  move  it,  are  in  equilibrium 
so  long  as  there  is  no  change  in  the  volume  of  water  flowing,  but 
as  this  volume  changes,  the  flashboard  assumes  a  new  position, 
either  wider  or  less  open,  as  the  quantity  of  water  continues  to 
increase  or  decrease.  This  result  arises  from  a  combination  of 
overbalancing  weight,  in  the  lower  part  of  the  flashboard,  aided 
by  an  equahzation  of  the  areas  above  and  below  the  point  of 
bearing,  on  which  the  forces,  caused  by  the  moving  water,  act 
when  the  dam  is  open.     The  device  is  simple  and  massive.     The 


8  HYDRAULIC    COMPRESSED    AIR    IN    CONNECTICUT. 

frames  on  which  the  hangers  roll  and  to  which  they  are  confined 
are  well  anchored  to  the  masonry  and  are  so  constructed  as  to 
furnish  a  stop  to  the  flashboard  when  it  is  fully  open,  to  prevent 
the  possibility  of  its  passing  beyond  a  point  where  it  could  be 
favorably  acted  upon,  as  the  level  of  the  water  in  the  river  retreats 
to  its  normal  height.  These  flashboards  have  now  gone  through 
several  winters,  with  their  freshets,  accompanied  by  ice,  logs  or 
uprooted  trees  or  other  floating  matter  and  have  withstood  all 
this  without  resulting  injury,  and  they  have  worked  satisfactorily 
in  allowing  increased  opportunity  for  the  escape  of  freshet  w^ater 
and  in  withholding  the  pond  level  to  its  normal  height. 

Having  now  brought  the  water  to  such  an  elevation  that  we 
can  avail  of  a  sufficient  fall  between  its  surface  and  the  tail  water 
we  will  proceed  to  a  further  consideration  of  the  Norwich  com- 
pressor plant  with  the  available  fall  of  22  feet.  In  order  to  com- 
press the  air  to  a  sufficient  degree  by  submitting  it  to  the  weight 
of  a  head  of  water,  a  shaft  was  sunk  vertically  to  a  depth  208 
feet  below  the  bed  of  the  river  or  215  feet  below  the  surface  of  the 
tail  water,  and  at  the  bottom  this  shaft  was  enlarged  into  a  cham- 
ber to  contain  the  air  separator.  The  shaft  is  24  feet  in  diameter 
and  the  chamber  at  the  bottom  is  52  feet  in  diameter.  Opening 
out  of  the  chamber  at  the  bottom  is  an  air  reservoir  regulator,  in 
the  form  of  a  tunnel  from  15  to  20  feet  in  height  and  18  feet  in 
width  and  having  a  length  of  about  100  feet.  Suspended  in  the 
middle  of  the  shaft  is  a  downflow  pipe  of  steel,  about  14  feet  in 
diameter,  connected  at  the  top  with  the  head  tank,  through  which 
w'ater  is  received  from  above  the  dam,  and  at  the  bottom  with  a 
separator  chamber.  This  chamber  is  surmounted  by  an  air  reser- 
voir, to  contain  the  compressed  air  when  separated  from  the 
water  in  which  it  had  been  entrained,  and  with  which  it  had 
been  carried  to  the  bottom  of  the  shaft.  From  the  air  reservoir 
over  the  separator,  a  16-inch  leading  main  rises  to  the  surface, 
and  is  laid  toward  Norwich,  conveying  air  under  about  90 
pounds  pressure  for  the  use  of  the  engines  at  the  several 
establishments  employing  it  for  power.  A  general  idea  of  the 
shaft,  down-flow  pipe,  separator,  leading  main,  etc.,  can  be  ob- 
tained from  Fig.  4. 

In  sinking  this  shaft  through  the  ledge,  below  the  bed  of  the 
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Fig.  1.     View  of  Crest  of  Dam,  Showing  Automatic  Flushboards. 


Fig.  2.     Visible  Portion  of  Compressor  in  Action. 
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river,  it  was  found  that  the  upper  portion  was  not  sufficiently 
strong  to  serve  for  the  permanent  walls  of  the  shaft,  and  for  a 
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considerable  distance  the  excavation  was  lined  with  concrete, 
formed  by  filling  a  space  between  curbing,  inserted  for  the  pur- 
pose, and  the  surface  of  the  ledge  as  excavated. 

After  the  shaft  and  its  appurtenances  had  been  completed, 
the  erection  of  the  head  tank,  downflow  pipe,  and  separator, 
formed  of  steel,  was  proceeded  with.  During  this  time,  the 
flow  of  the  river,  at  whatever  stage,  was  passed  over  the  dam, 
or  through  a  sluiceway. 

Plate  III,  Fig.  1,  is  a  view  of  the  head  wall,  with  a  portion  of 
the  dam,  looking  diagonally  down-stream,  during  the  construc- 
tion of  the  separator. 

After  the  steel  work  had  been  completed,  all  the  false  works  and 
accessories  were  removed,  and  water  was  turned  through  the 
apparatus. 

When  the  compressor  is  in  full  operation,  entraining  the  air  and 
supplying  it  to  the  air  chamber  and  leading  main,  the  collection 
of  air  may  be  more  rapid  than  its  withdrawal  for  use  in  engines, 
or  for  other  purposes.  To  avoid  the  disturbance  which  would 
be  likely  to  occur  if  the  accumulated  volume  in  the  air  chamber 
should  force  the  line  of  separation  between  the  air  and  water 
below  the  bottom  of  the  downflow  pipe,  and  thus  allow  of  an 
eruption  of  air  through  the  downflow  pipe  and  head  piece,  pro- 
vision is  made  for  a  blow-off,  or  escape  of  air  to  the  atmosphere, 
through  a  blow-off  pipe,  having  an  aperture  at  the  bottom  higher 
than  the  level  of  the  bottom  of  the  downflow  pipe,  and  through 
this  aperture  the  excess  of  air  supphed  to  the  separator  may 
escape,  before  the  water  line  in  the  air  reservoir  is  carried  low 
enough  to  cause  damage.  A  view  of  the  entire  plant,  taken 
while  this  escape  pipe  was  in  operation  and  blowing  off  a 
surplus  of  air  mixed  with  water,  is  shown  in  Plate  III,  Fig.  2. 
When  this  blow-off  pipe  was  first  set  in  position  it  was  turned  so 
as  to  discharge  nearly  at  right  angles  across  the  river,  and  it  was 
found  that  the  air  and  water  sometimes  escaped  with  such  force 
that  it  would  drench  a  passenger  train  passing  over  the  tra-^k. 
The  direction  of  the  pipe  was  then  changed  so  as  to  discharge 
diagonally  down  the  river,  as  now  represented,  and  where  it  could 
do  no  harm. 

The  process  of  entrainingHhe  air  to  the  separator  before  its  pas- 


Pi  ATE    III. 


Fig.  1.     View  of  Portion  of  Da.m-Compressor  uxder  Construction. 


Fig.  2.      ]5lo\v-off  in  Operation. 
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sage  with  water  through  the  compressor  is  accompUshed  by 
submerging  orifices,  or  air  pipes,  below  or  in  contact  with  the 
surface  of  the  flowing  water;  such  apertures  or  pipes  having 
proper  channels  for  a  free  communication  with  the  outer  air. 
The  air  being  in  contact  with  the  flowing  water  is  entrained  by 
it,  and  a  partial  vacuum  being  caused  thereby,  a  sufficient  pres- 
sure is  induced  to  cause  a  free  flow  of  the  outer  air  through  its 
proper  channels  to  the  water.  Having  been  entrained  there, 
at  the  ordinary  atmospheric  pressure,  the  air  is  carried  down 
in  bubbles  with  the  water,  and  is  steadily  compressed  as  the  depth 
of  the  water  increases  until,  as  in  this  case,  it  reaches  a  pressure 
of  about  seven  atmospheres.  Having  escaped  from  the  water 
by  floating  out  of  it  as  the  water  passes  slowly  through  the  sepa- 
rator, it  retains,  in  the  air  chamber,  the  pressure  due  to  the  weight 
of  the  column  of  water  having  the  height  equal  to  the  difference 
in  level  between  the  tail  water  escaping  from  the  apparatus  and 
the  line  of  separation  in  the  air  chamber  between  the  accumulated 
air  and  the  water  out  of  which  that  air  has  floated. 

The  volume  of  air  which  can  be  carried  down  with  water  depends 
somewhat  upon  the  fall,  or  the  difference  of  level  between  the 
pond  water  and  the  surface  of  the  tail  water.  The  greater  that 
difference  of  level,  within  reasonable  limits,  the  greater  the  volume 
of  air  which  can  be  carried  down  with  water.  In  this  case,  appar- 
ently the  volume  of  air  is  about  one  third  that  of  the  volume 
of  water  passing  through  the  apparatus.  The  combined  volume, 
formed  of  a  mixture  of  air  and  water,  is  of  course  lighter  than  a 
column  of  solid  water,  and  the  aerated  column  cannot  be  quite 
so  much  longer  than  the  solid  water  column  as  is  represented  by 
the  amount  of  the  fall,  because  a  certain  amount  of  force,  repre- 
sented by  a  portion  of  the  fall,  is  necessary  to  cause  the  mixture 
of  air  and  water  to  flow  through  the  separator.  I  know  of  no 
experiments  bearing  directly  upon  this  matter,  but  it  seems  prob- 
able that  a  limit  of  the  volume  of  air  which  could  be  entrained 
and  carried  down  by  a  surrounding  volume  of  water,  would  be 
reached  when  the  aerated  column  is  about  fifty  feet  longer  than 
the  solid  water  column. 

There  are  various  means  of  measuring  the  amount  of  air  which 
may  be  supplied  from  a  given  source,  the  most  satisfactory  of 
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which  probably  is  to  pass  it  through  an  air  meter,  having  tlie  usual 
recording  attachment  operated  by  clockwork.  Various  observa- 
tions have  been  made  upon  the  amount  of  air  which  would  pass 
through  an  orifice,  shaped  approximately  like  the  contracted 
vein  formed  when  a  fluid  passes  under  pressure  through  an  aper- 
ture in  a  thin  plate.  The  volume,  or  weight,  of  air  in  pounds  per 
second,  may  be  ascertained,  with  reasonable  accuracy,  by  taking 
the  area  of  a  circular  orifice  of  this  form,  in  square  inches,  and 
multiplying  that  by  the  absohite  pressure,  in  pounds  per  square 
inch,  entering  the  orifice,  divided  by  the  square  root  of  the  abso- 
lute temperature,  in  degrees  Fahrenheit,  and  the  whole  multiplied 
by  a  coefficient  varying  somewhat  with  the  area  of  the  orifice.  For 
an  orifice  of  one  inch  diameter  the  coefficient  may  be  taken  at  .53. 

It  is  of  great  importance  that  the  pipes  leading  the  compressed 
air  from  the  source  of  supply  to  the  point  of  use  shall  be  tight, 
and  it  is  much  more  difficult  to  secure  such  tightness  with  air 
than  it  is  with  water,  or  even  with  steam.  Cast  iron  as  a  material 
for  such  pipes  has  been  very  successfully  used,  but  if  the  joints 
have  been  formed  in  one  piece  with  the  pipe,  they  cannot  be  suc- 
cessfully made  tight  by  calking  with  lead,  in  the  manner  found 
to  be  safe  in  conveying  water. 

The  joint  most  extensively  used  in  Paris,  and  found  to  be  satis- 
factory there,  is  formed  upon  cast-iron  pipes  having  a  plain  spigot 
at  each  end;  having  brought  two  pieces  of  pipe  together,  place 
over  the  joint  so  formed  a  short  sleeve,  nearly  fitting  the  pipe, 
and  long  enough  to  fully  cover  the  joint  under  such  variation  of 
position  as  may  arise  in  practice.  Against  each  end  of  this  sleeve 
is  placed  a  rubber  ring  or  gasket,  and  these  rubber  rings  may  be 
pinched  against  the  ends  of  the  sleeve  by  other  properly  formed 
sleeves  or  hubs,  encircling  the  pipe  and  having  flanges  through 
which  bolts  may  pass,  the  hubs  being  drawn  toward  each  other 
by  nuts  on  the  bolts,  thus  squeezing  the  rubber  ring  between  the 
hub,  the  sleeve,  and  the  pipe.  It  is  necessary  to  select  a  kind  of 
rubber  well  adapted  to  this  service,  in  order  to  secure  a  perma- 
nently tight  joint,  but  with  materials  properly  selected  and  prop- 
erly applied,  the  leakage  has  been  found  to  be  so  small  that  it 
may  be  neglected  in  estimating  the  amount  of  air  which  may  be 
delivered  from  a  distribution  system. 
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In  cases  where  it  is  desired  to  substitute  another  form  of  power 
in  works  where  steam  engines  have  been  used,  compressed  air 
has  a  great  advantage  over  electricity,  in  the  matter  of  economy. 
It  is  not  necessary  with  air,  as  it  is  with  electricity,  to  install 
new  motors  at  the  works,  but  the  engines  which  have  been  pre- 
viously used  with  steam  are  well  adapted  for  use  with  compressed 
air,  thus  avoiding  considerable  expense  which  would  be  necessary 
for  electric  motors. 

In  Magog,  Canada,  I  inspected  the  operation  of  a  plant  where 
air  had  been  compressed  by  water,  in  a  manner  similar  to  that 
in  operation  at  Norwich,  and  where  a  number  of  engines  were 
running  to  drive  printing  presses"  for  printing  cloth.  I  asked  the 
machinist  if  there  was  any  special  trouble  in  substituting  air  for 
steam  in  an  ordinary  engine.  He  took  me  into  the  machine  shop, 
where  an  engine  was  driving  the  machines,  and  operated  by  steam. 
A  connection  had  been  made  to  this  engine  from  the  air  compressor, 
and  two  pipes,  one  leading  steam  and  one  leading  compressed 
air  to  the  engine  cylinder,  lay  side  by  side.  The  machinist  took 
hold  of  the  steam  valve  with  one  hand,  and  the  air  valve  with 
the  other  hand,  and  gradually  closed  the  steam  valve  and  opened 
the  air  valve,  until  the  engine  was  running  entirely  with  compressed 
air  instead  of  with  steam.  After  running  a  few  minutes  in  this 
way  he  reversed  the  process,  gradually  closing  the  air  valve  and 
opening  the  steam  valve,  until  the  machinery  was  being  again 
driven  entirely  by  steam  power.  Both  operations  were  performed 
without  any  apparent  change  in  the  running  of  the  lathes  and 
planers,  or  other  machinery,  and  it  is  probable  that  no  machinist 
in  the  shop  knew  that  any  change  in  the  power  had  been  made. 
The  only  disturbance  during  the  entire  operation,  that  I  noticed, 
was  a  slight  sound  of  thvmiping  in  the  engine,  when  the  air  was 
shut  off  and  the  steam  re-introduced,  probably  caused  by  the 
condensation  of  a  small  amount  of  steam  when  passing  into  the 
cylinder,  which  had  been  cooled  by  the  compressed  air.  Any 
non-condensing  steam  engine  seems  to  be  well  adapted  to  driving 
by  compressed  air.  whether  used  at  full  stroke  or  under  cut-off, 
the  substitution  of  air  for  steam  being  made  without  changing 
the  engine. 

I  have  before  mentioned  that  a  great  economv  in  the  use  of 
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compressed  air  for  power  purposes  may  be  secured  by  reheating 
the  air  just  as  it  enters  the  engine.  An  economy  of  from  30  to 
40  per  cent,  is  sometimes  possible  in  this  way. 

Compressed  air  has  a  great  advantage,  when  it  is  desired  to  use 
transmitted  power  intermittently,  and  with  periods  of  non-use 
intervening  with  periods  of  use.  There  is  no  loss  in  maintaining 
this  power  when  it  is  not  in  use.  There  is  no  leakage  like  the 
leakao-e  of  electricity.  There  is  no  reduction  of  pressure  like 
that  caused  by  the  condensation  of  steam.  The  whole  power  is 
available  whether  used  continuously  or  at  intervals. 

Each  method  of  producing  or  transmitting  power,  whether 
by  steam,  or  gas,  or  oil,  or  electricity,  or  compressed  air,  has 
advantao-es  of  its  own  under  favoring  conditions,  but  the  use  and 
value  of  compressed  air  seems  heretofore  to  have  been  but  par- 
tiallv  known  and  poorly  appreciated.  I  quote  from  Richards: 
"  The  use  of  compressed  air  has  been  slow  of  development,  and 
is  still  backward,  but  at  this  writing  I  am  able  to  enumerate  two 
hundred  distinct  and  established  uses  of  compressed  air,  and  in 
more  than  ninety  per  cent,  of  those  uses  electricity  is  absolutely 
inapplicable,  and  in  the  remainder,  which  form  a  field  more  or 
less  open  to  other  agencies  besides  either  air  or  electricity,  the  air 
generally  has  the  advantage." 

In  the  Norwich  plant  the  production  of  compressed  air  is  very 
uniform  and  the  pressure  is  held  steadily  at  about  ninety  pounds 
while  the  compressor  is  in  operation.  A  card  from  the  pressure 
recording  gage  shows  that  the  pressure  for  the  whole  twenty-four 
hours  varies  only  about  two  pounds,  standing  at  just  ninety  pounds 
nearly  all  the  time.  The  water,  when  this  card  was  taken,  was 
turned  through  the  compressor,  begininng  at  a  little  before  five 
o'clock  in  the  morning,  and  in  about  ten  minutes  the  card  repre- 
sented the  full  amount  required  to  carry  the  pressure  from  that 
existing  through  the  night  to  the  ninety  pounds  which  is  the  stand- 
ard pressure.  At  about  fifteen  to  twenty  minutes  after  five  in  the 
morning,  the  distribution  pipes  are  blown  off,  to  free  them  from 
any  possible  moisture  which  may  have  gathered  over  night,  and 
this  operation  is  shown  by  the  reduction  in  pressure  of  about  one 
pound.  This  pressure  is,  however,  restored  in  about  ten  minutes 
and  from  that  time  to  midnight  the  full  pressure  of  ninety  pounds 
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is  uniformly  maintained.  After  that  time  until  4.45  in  the  morn- 
ing the  pressure  shows  a  gradual  reduction  of  about  two  pounds, 
but  I  am  informed  that  this  is  not  probably  the  result  of  leakage, 
but  that  small  amounts  of  air  are  drawn,  for  various  purposes, 
during  that  period  in  the  night.  Daily  cards  are  taken,  the  change 
from  one  card  to  another  being  made  at  about  nine  o'clock  in  the 
morning. 

The  air  delivered  from  the  Norwich  plant  is  in  use  in  over  forty 
engines,  and  its  employment  is  a  source  of  great  satisfaction  to 
the  men  who  formerly  were  obliged  to  reach  the  works  by  4  or 
4.30  in  the  morning,  to  get  up  steam  and  have  everything  ready 
to  start  at  7,  and  who  now  have  the  comfort  of  waiting  until  a 
few  minutes  before  7.  Upon  arrivaljthey  simply  turn  a  valve 
and  the  machinery  starts  off  at  full  speed. 

DISCUSSION. 

Mr.  Edward  Atkinson.  I  should  like  to  ask  if  this  power  is 
sold. 

Mr.  Shedd.  It  is  sold  to  various  small  factories  in  Norwich 
and  vicinity,  which  formerly  used  steam  and  are  now  using  com- 
pressed air  in  its  place.  I  have  nothing  to  do  with  the  financial 
part  of  the  business,  and  I  do  not  know  what  the  prices  charged 
are,  but  these  concerns  at  least  have  preferred  to  use  air  at  the 
price  at  which  it  is  sold  rather  than  steam  which  they  had  been 
using. 

Mr.  Atkinson.  It  was  a  question  in  my  mind  as  to  whether 
at  the  price  at  which  it  is  sold  it  pays  the  promoters. 

Mr.  Shedd.     That  I  am  unable  to  say. 

Mr.  T.  H.  McKenzie.  Are  the  pipes  laid  as  water  pipes  are, 
below  the  frost? 

Mr.  Shedd.  No;  most  of  them  are  about  four  feet  deep,  but 
really  there  is  no  occasion  to  lay  them  below  frost,  except  that 
it  is  desirable  to  have  them  so  low  that  they  will  not  be  thrown 
by  the  frost. 

Mr.  McKenzie.  Why  does  the  air  blow-off  blow  both  water 
and  air? 

Mr.  Shedd.     Because  the  inlet  to  the  blow-off  pipe  is  just  at 
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the  level  of  the  air  and  water,  and  as  the  air  begins  to  pass  out  it 
carries  water  with  it,  so  that  water  and  air  are  discharged. 

A  question  has  been  asked  me  as  to  how  the  flashboards  have 
worked  in  practice.  The  only  trouble  they  have  had  from  the 
flashboards  has  l)een  that  when  they  are  open  leaves  flowing  in 
the  stream  sometimes  catch  in  the  seats  and  flashboards  do 
not  entirely  seat  themselves  afterwards,  so  that  there  is  a  little 
leakage  for  a  time  until  the  leaves  are  cleared  from  under  the 
seat. 

Mr.  Fraxk  L.  Fuller.  I  should  like  to  ask  Mr.  Shedd  in 
regard  to  utilizing  the  different  amount  of  flow  at  different  seasons 
of  the  year.  I  think  all  the  slides  which  were  put  upon  the  screen 
showed  water  running  to  waste. 

Mr.  Shedd.  Yes;  the  plant  is  adapted  to  1  500  horse-power, 
and  the  stream  is  usually  capable  of  developing  considerably  in 
excess  of  that  amount  of  power.  Water,  of  course,  is  running 
to  waste  over  the  dam  when  there  is  only  1  500  horse-power  or 
less  going  through  the  compressor.  When  the  compressor  is 
taking  a  less  cjuantity,  adjustment  is  made  in  the  headpiece. 

Mr.  Fuller.     I  presume  it  is  quite  a  variable  stream. 

Mr.  Shedd.  Yes;  but  it  is  pretty  well  reservoired.  As  near 
as  I  remember,  there  are  forty-three  different  storage  reservoirs 
on  that  stream.  It  rises  in  Worcester  County  in  Massachusetts, 
and  there  are  a  great  many  mills  on  the  stream;  it  has  been  very 
well  developed  for  manufacturing  purposes. 

Mr.  Fuller.  Could  not  another  compressor  be  used  when 
there  was  plenty  of  water? 

Mr.  Shedd.  Yes;  there  is  an  opportunity  to  place  another 
alongside  of  this  one.  Everything  has  been  so  arranged  that  no 
disturbance  would  occur  if  another  compressor  of  equal  capacity 
were  set  alongside  of  this. 

Mr.  McKexzie.  Is  there  any  patent  on  the  apparatus  for 
the  flashboards? 

Mr.  Shedd.     Yes,  there  is. 

Mr.  McKexzie.     Who  owns  it? 

Mr.  Shedd.     I  guess  it  is  pretty  nearly  free. 

Mr.  McKexzie.  What  do  you  mean  by  its  being  pretty  nearly 
free? 
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Mr.  Shedd.  Well,  there  wouldn't  be  much  objection  to  any- 
body using  it  for  these  purposes. 

Mr.  Albert  F.  Sickman.  I  would  like  to  inquire  if  you  know 
what  the  efficiency  of  this  compressor  is? 

Mr.  Shedd.  The  efficiency  has  not  been  measured  at  this 
place  particularly,  but  I  took  part  in  several  experiments  as  to 
the  efficiency  of  the  plant  of  Magog,  and  that  ranged  from  about 
sixty-two  per  cent,  to  a  little  over  seventy  per  cent.  The 
highest  efficiency  we  obtained  was  a  little  over  seventy  per 
cent. 

Mr.  Sickman.  Under  what  conditions  would  that  be  obtained? 
When  you  are  using  a  great  quantity  or  a  small  quantity? 

Mr.  Shedd.  It  is  when  using  the  quantity  to  which  the  com- 
pressor is  adapted.  I  believe  the  lojal  engineer  has  said  he  thought 
he  could  obtain  somewhere  near  eighty  per  cent.,  but  we  have 
never,  to  my  knowledge,  accurately  measured  the  efficiency  at  this 
point.  The  velocity  of  the  water  when  it  is  entraining  the  air 
seems  to  be  about  eight  feet  per  second  when  it  is  doing  its  best 
work,  and  under  those  conditions  the  efficiency,  as  I  say,  in  the 
experiments  in  which  I  took  part,  was  a  little  over  seventy  per 
cent. 

Mr.  McKenzie.  What  is  the  method  of  introducing  the  air 
into  the  water  as  it  passes  down? 

Mr.  Shedd.  That  has  been  done  in  various  w^ays.  At  Magog 
it  is  done  by  a  series  of  three-quarter  inch  pipes  surrounding  a 
circle,  the  upper  ends  above  the  level  of  the  water  and  the  lower 
ends  at  the  point  of  the  greatest  velocity  of  the  water  as  it  flows 
into  the  down-flow  pipe.  The  water  passing  by  the  end  of  the 
pipe  tends  to  create  a  vacuum  there  and  the  air  is  drawn  in  and 
goes  down  in  bubbles  with  the  water.  At  Norwich  the  head- 
piece is  a  sort  of  gridiron  with  each  bar  hollow,  open  on  the  lower 
side  and  supplied  with  air  at  the  ends,  and  the  water  passing 
down  between  these  gridiron-like  bars,  the  air  passes  horizontally 
through  the  bars  into  the  water  as  it  passes  by.  There  is  a  plate 
nearly  across  the  pipe,  you  might  almost  call  it  a  pipe,  a  gridiron 
bar  with  a  quarter-inch  aperture  on  each  side.  The  headpiece 
is  under  three  or  four  feet  of  water  all  the  time  and  the  pipes  to 
these  gridiron  bars  rise  above  any  possible  level  of  the  water  in 
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the  headpiece.     They  are    12-inch    pipes  with   a   36-inch   center 
pipe. 

Mr.  Fuller.  I  should  like  to  ask  Mr.  Sliedd  with  regard  to 
the  excavating  of  the  well,  whether  that  was  expensive?  I  sup- 
pose there  was  a  good  deal  of  water  which  had  accumulated  which 
had  to  be  constantly  pumped. 

Mr.  Shedd.  Very  little  indeed;  it  was  very  favorably  situated 
in  that  respect.  Down  perhaps  one  hundred  feet  there  was  one 
seam  which  developed  a  pretty  good  flow  of  water,  but  otherwise 
the  ledge  was  tight.  That  inflow  was  taken  care  of  by  an  exca- 
vation in  the  side  of  the  shaft  and  a  dam  between  that  and  the 
shaft  itself,  making  a  well,  out  of  which  the  water  was  pumped. 
We  then  had  no  more  water  to  amount  to  anything  until  we  were 
at  the  bottom  of  the  shaft. 

Mr.  Fuller.  How  much  did  that  excavation  cost  per  cubic 
yard? 

Mr.  Shedd.  I  shall  have  to  tell  you  from  memory,  but  I  think 
it  was  $3.50  a  cubic  yard. 

Mr.  McKenzie.  Are  there  any  patents  on  the  general  process 
of  compressing  the  air? 

Mr.  Shedd.  Yes.  That  was  patented  by  a  Canadian  by  the 
name  of  Taylor,  in  England  and  in  this  country. 

Mr.  McKenzie.     Is  there  a  royalty  paid? 

Mr.  Shedd.  That  I  don't  know.  I  don't  know  what  their 
business  arrangement  is.  but  I  think  the  Norwich  people  are 
licensed  by  Mr.  Taylor. 

Mr.  Sickman.  What  is  the  temperature  of  the  exhaust  at  the 
engine? 

Mr.  Shedd.  That  varies.  It  is  very  low  in  cases.  It  has  been 
low  enough  to  freeze.  We  had  no  difficulty  in  Magog,  but  here 
there  has  been  shght  amount  of  moisture,  and  the  temperature 
due  to  expansion  is  low  enough  to  freeze  that  moisture  unless  the 
air  is  reheated.  But  when  the  air  is  reheated,  which  would,  of 
course,  be  done  in  all  cases  if  you  are  seeking  economy,  then  there 
is  no  trouble  of  that  sort.  There  have  been  a  good  many  experi- 
ments made  on  the  temperatures  both  of  the  air  admitted  and  the 
air  discharged,  but  I  don't  remember  the  figures.  Our  experi- 
ments showed  that^froni' about  a  third  to  a  half  as  much  moisture 
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was  in  the  air  delivered  by  the  compressor  as  was  in  the  atmos- 
pheric air  from  which  it  was  drawn;  that  is,  the  air  has  been 
made  dry  by  being  enclosed  in  water. 

Mr.  T.  W.  Mann.  In  1876,  I  think  it  was,  I  was  in  Rochester 
and  they  had  a  system  of  two  tubes  which  were  air  tight  and  they 
let  the  water  in  at  the  bottom  and  compressed  the  air  in  one  tube 
while  the  water  was  going  out  of  the  other  tube,  keeping  a  balance 
of  pressure.  I  wonder  whether  that  would  not  be  a  pretty  good 
way  to  keep  the  moisture  out. 

Mr.  Shedd.  I  don't  know,  myself,  about  the  process  the  gentle- 
man speaks  of,  but  I  should  think  it  might  be  very  much  in  theory 
like  a  process  designed  by  Mr.  Joseph  P.  Frizell,  twenty  years  or 
more  ago,  for  compressing  air.  He  had  a  shaft  above  a  dam 
down  which  water  went  carrying  air  with  it  and  then  he  had  a 
horizontal  tunnel  and  a  shaft  below  the  dam  so  that  there  was  a 
difference  of  level  below  and  above  the  dam,  and  at  an  intermediate 
point  he  had  a  chamber  in  which  the  air  was  collected.  I  should 
think  that  would  be  similar  to  having  two  pipes.  There  have 
been  a  great  many  ways  of  entraining  air  and  compressing  it  by 
water,  and  I  think  Mr.  Frizell's  was  perhaps  the  first  really  prac- 
ticable scheme.  But  that  never  has  been  put  into  commercial 
use,  so  far  as  I  know,  because  it  was  an  expensive  process  as  he 
designed  it. 

Mr.  Atkinson.  I  happened  to  be  in  Liverpool  some  twenty 
years  ago  and  went  to  the  great  docks,  and  I  found  that  all  the 
power  used  there  was  compressed  air.  Of  course,  it  would  be  very 
dangerous  to  have  fire  among  the  merchandise  there.  I  am  not 
mechanic  enough  to  understand  the  details  of  it,  but  if  any  of  you 
visit  Liverpool  I  think  you  will  find  that  the  use  of  air  pressure 
throughout  the  docks  is  very  extensive.  I  once  gave  a  hint  to  a 
mill  man  which  may  be  worth  the  telling  here.  You  all  know 
that  the  fiber  of  cotton  is  exceedingly  susceptible  to  the  changes  of 
temperature  and  humidity.  Now,  the  air  which  goes  down  through 
the  wheel  pit  gets  washed  and  cooled.  In  the  case  of  the  gentle- 
man to  whom  I  refer  the  basement  of  his  mill  was  on  a  level  with 
the  tail  race,  and  in  hot  weather  it  was  very  damp  and  very  objec- 
tionable. I  suggested  to  him  to  put  an  air  drum  over  the  water 
in  the  wheel  pit  and  to  carry  the  cool,  dry  air  through  a  pipe  into 
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his  picker  room  and  from  his  picker  room  into  the  spinning  room, 
and  thus  overcome  the  humidity.  He  adopted  the  suggestion 
and  it  worked  very  successfully.  That  same  thing  can  be  done 
in  many  places.  There  is  an  enormous  quantity  of  air  which  goes 
down  through  the  wheels,  even  without  any  artificial  method  of 
carr\nng  it.  I  have  been  tokl  that  at  a  summer  resort  in  Austria 
a  mountain  stream  has  been  used  to  compress  air,  and  one  of  the 
show  features  is  to  let  the  cool  air  out  in  midsummer  and  produce 
an  artificial  snowstorm.  There  is  a  head  of  about  eight  hundred 
feet  which  gives  an  enormous  pressure. 

Our  old  friend  Sam  Webber  had  an  entirely  new  device  for  com- 
pression which  he  has  described  to  me,  and  it  made  such  an  impres- 
sion on  me  as  it  would  naturally  make  on  a  "  duffer."  It  was 
entirely  different  from  Mr.  Frizell's,  and  quite  different  from  the 
one  which  was  been  described  to-day.  Then,  I  remember  some 
twenty  years  ago  the  Plymouth  Cordage  Company  desired  to 
install  an  engine  for  hauling  heavy  stuff  through  their  yard,  and 
we  objected  to  it.  There  was  then  devised  an  air  locomotive  and 
we  sent  the  designs  to  the  Boston  Locomotive  Works  who  built 
it  without  giving  any  guaranty  that  it  would  be  efficient,  but 
that  little  air  engine  is  operating  to-day,  carrying  around  the 
heavy  stock  in  the  yard.  When  1  returned  from  Liverpool  I 
reported  to  the  Cotton  Manufacturers'  Association  that  the  Eng- 
lish were  a  generation  ahead  of  us  in  this  country,  but  we  appear 
to  be  catching  up  with  them  now  in  the  use  of  air  pressure. 
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THE  DIRECT   PUMPING  METHOD  OF  WATER    SUPPLY 
IN    USE   AT  TAUNTON,   MASS. 

BY    GEORGE    A.    KING,    SUPERINTENDENT. 
[Read  September  15,  1904-] 

When  a  member  of  the  first  board  of  water  commissioners  of 
Taunton,  Mass.,  was  seeking  some  one  to  take  charge  of  their 
pumping  plant,  he  expressed  the  feeUng  of  that  time  toward  the 
direct  pumping  system  in  this  way,  "  We  want  a  man  who  will 
make  a  success  of  a  system  which  is  condemned  by  every  engi- 
neer." That  was  twenty-eight  years  ago,  yet  to-day  I  suppose 
there  is  much  the  same  feeling  in  this  part  of  the  country,  although 
the  same  system  is  being  introduced  in  large  cities  under  the  name 
"  high-pressure  system  "  for  fire  protection.  A  plant  operated  by 
gas  engines  and  carrying  a  pressure  of  three  hundred  pounds  at 
the  pumps  has  been  installed  at  Philadelphia.  New  York  and 
Brooklyn  have  both  had  the  system  recommended  for  them  by 
competent  engineers.  Bids  have  recently  been  received  for 
installing  a  plant  in  Brooklyn.  Such  a  plant  has  been  consid- 
ered for  Kansas  City,  and  one  has  recently  been  installed  at 
Charleston,  S.  C. 

Thirty  years  ago  the  question  of  a  water  supply  for  the  city 
of  Taunton,  Mass.,  was  under  consideration.  Taunton  was  then 
a  city  of  21  000  people,  but  in  area  the  largest  city  in  New  Eng- 
land. The  population  of  the  section  to  be  supplied  with  water 
was  estimated  at  15  000.  The  area  to  be  supplied  varied  in 
elevation  from  5  to  70  feet  above  mean  high  water.  The  highest 
ground  within  several  miles  of  the  center,  where  a  reservoir  might 
be  built,  lay  three  miles  to  the  north,  and  had  an  elevation  of 
200  feet  above  mean  high  water. 

The  feasible  sources  of  supply  WTi'e  the  Lakeville  ponds,  eleven 
miles  to  the  southeast,  and  their  outlet,  the  Taunton  River, 
which  flowed  into  the  central  part  of  the  city  from  the  east. 
The  latter  was  selected,  and  a  spot  two  miles  east  of  the  center 


22  DIRECT    PUMPING   METHOD    AT    TAUXTOX,    MASS. 

of  the  city  was  chosen  as  the  most  available  place  for  taking 
the  supply  from  the  river. 

Thirty  per  cent,  of  the  voters  were  sure  to  oppose  an  expend- 
iture from  which  they  expected  to  receive  no  direct  benefit. 
Many  of  those  who  could  expect  to  be  benefited  were  so  con- 
servative that  they  would  vote  against  almost  any  new  scheme 
involving  an  expenditure.  The  problem,  therefore,  was  to  draw 
an  act  to  be  acceptable  to  a  majority  of  the  voters.  The 
question  of  the  maximum  expenditure  was  a  vital  one.  It 
was  decided  to  set  this  at  two  hundred  thousand  dollars. 
Political  rather  than  engineering  conditions  determined  the 
amount  of  the  appropriation. 

The  estimates  afterward  made  were  as  follows: 

Reservoir  Plan $479  779.39 

Standpipe  Plan  * 300  850.46 

Direct  Pumping  Plan       ...      249  730.00 

Thus  it  may  readily  be  seen  that  the  direct  pumping  system 
was  the  only  one  available,  or,  as  stated  by  the  commissioners 
in  their  first  report,  "With  our  limited  appropriation,  we  could 
secure  water  works  of  greater  value  to  our  community  by  this 
system  than  by  any  other."  The  plant,  with  twenty-four  miles 
of  distribution  mains,  was  installed  for  $254  000. 

The  first  pumping  plant  consisted  of  a  Holly  compound  engine 
with  four  double-acting  pumps,  constructed  so  as  to  be  easily 
detached,  so  that  one  or  more  pumps  might  be  used  as  desired. 
The  capacity  of  this  engine  was  3  000  000  gallons  per  day.  There 
was  a  reserve  set  of  two  rotary  pumps  with  a  capacity  of  3  000  000 
gallons  per  day,  run  by  a  horizontal  high-pressure  engine.  This 
made  our  total  pumping  capacity  at  first  6  000  000  gallons  per 
day.  The  boiler  plant  consisted  of  three  60-inch  boilers,  six- 
teen feet  long. 

The  plant  was  started  the  first  of  December,  1876,  and  pumped 
on  an  average  360  000  gallons  per  day. 

The  daily  consumption  had  increased  to  1  000  000  gallons  in 

*  The  standpipe  location  on  which  the  estimate  was  based  would  have  been  entirely 
unsatisfactory  and  would  have  necessitated  the  use  of  fire  engines  at  most  of  our  fires. 
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1891,  when  a  72-inch  boiler  and  a  4  000  000  gallon  Gaskill  pump- 
ing engine  were  added. 

In  1899  an  entirely  new  boiler  plant  of  four  72-inch  boilers, 
from  Edward  Kendall  &  Sons,  was  installed.  These  were  fol- 
lowed, in  1901,  by  the  addition  of  a  second  Gaskill  engine  with 
a  capacity  of  8  000  000  gallons  per  day.  These  increases  in 
pumping  capacity  were  not  necessitated  by  the  increased  con- 
sumption, but  seemed  desirable  that  we  might  be  prepared  for 
an  emergency,  such  as  a  disastrous  fire  occurring  during  a  time 
of  large  domestic  consumption,  when  one  of  the  pumps  might 
be  undergoing  repairs. 

Our  plant  to-day  consists  of  four  72-inch  boilers,  operated  in 
pairs  alternately,  using  each  pair  thirty  days.  The  fire  under 
the  idle  pair  is  ready  for  lighting  at  any  moment,  although  the 
boilers  are  not  kept  filled,  as  there  is  less  corrosion  by  keeping 
them  dry.  We  have  a  12-inch  steam  pipe  running  from  the 
boilers  through  the  engine  room.  By  this,  steam  may  be  taken 
from  either  or  all  of  the  boilers  and  delivered  to  either  or  all  of 
the  engines.  We  also  have  an  8-inch  auxiliary  steam  pipe, 
entirely  independent  of  the  12-inch,  which  takes  steam  at  will 
from  either  boiler  to  either  engine.  The  pumping  plant  consists 
of  the  Holly  quadruplex  engine  of  3  000  000  gallons  capacity, 
installed  in  1876  and  still  in  serviceable  condition;  the  Gaskill 
cross-compound  pumping  engine  of  4  000  000  gallons  capacity, 
installed  in  1891  and  usually  running,  from  6  p.m.  to  6  a.m.  each 
night;  and  the  Gaskill  cross-compound  pumping  engine  of 
8  000  000  gallons  capacity,  installed  in  1901,  running  from  6  a.m. 
to  6  p.m.  each  day.  We  run  these  Gaskill  engines  alternately 
twelve  hours  each,  that  we  may  have  a  reserve  engine  always 
warm  and  ready  for  service.  Two  or  more  of  the  engines  can 
be  used  at  once  when  needed  in  case  of  fire  or  extraordinary 
consumption.  Each  engine  is  connected  directly  with  the  supply, 
and  discharges  independently  into  the  distributing  mains. 

There  are  two  20-inch  mains  leading  by  different  routes  from 
the  station  to  the  center  of  the  city,  a  distance  of  nearly  two 
miles.  There  are  now  eighty  miles  of  distributing  mains,  vary- 
ing in  size  from  4-  to  20-inch.  The  larger  part  of  the  water  is 
carried  over  a  mile  from  the  station  in  the  two  20-inch  mains. 
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There  are  some  branches  nearer  the  station,  and  at  a  distance  of 
a  mile  the  branches  run  in  such  divergent  directions  that  water 
is  supplied  from  the  station  as  a  center  to  nearly  three  fourths 
of  a  circle.  The  most  distant  point  to  wiiich  water  is  carried  is 
about  five  miles  from  the  station.  In  the  opposite  direction  it 
is  carried  about  three  miles.  In  lines  at  right  angles  to  this 
longest  diameter  it  is  carried  six  miles.  In  topography  this  area 
varies  in  elevation  from  5  to  90  feet  above  mean  high  water. 

The  pumping  plant  is  operated  by  three  shifts  of  two  men 
each.  The  steam  pressure  carried  at  the  boilers  is  100  pounds; 
the  water  pressure  at  the  gage  is,  for  domestic  use,  55  pounds. 
(The  gage  is  21  feet  above  mean  high  water.)  When  there 
is  an  alarm  of  fire,  the  pressure  is  raised  to  100  pounds  on 
the  gage,  and  if  the  fire  is  at  an  elevation  where  there  might  be 
need  of  increased  force,  the  pressure  is  raised  to  105  or  110  pounds. 

The  time  taken  to  raise  the  pressure  from  domestic  to  fire  is 
not  over  three  minutes.  No  fire  steamers  are  used  at  fires  in 
the  district  covered  by  our  mains.  The  pressure  needed  is  always 
available  at  the  hydrant  on  the  arrival  of  the  hose  wagon,  saving 
at  least  two  or  three  minutes'  delay  in  setting  and  coupling  engine 
to  hydrant  and  hose  to  engine  when  the  delay  would  be  most 
disastrous.  The  value  of  time  in  the  early  stages  of  a  fire  is  being 
more  and  more  appreciated. 

In  our  experience  the  direct  pumping  system  has  worked 
admirably.  It  is  now  nearly  twenty-eight  years  since  the  pumps 
were  started  and  they  have  never  failed  us.  The  machinery  has 
been  stopped  twice.  For  several  hours  one  night,  when  the  last 
engine  was  installed,  the  pumps  were  shut  down  to  allow  a  con- 
nection to  be  made  with  the  steam  pipe,  and  once  since  for  a  still 
shorter  time,  to  repair  a  valve  on  the  steam  pipe.  As  now 
eqiupped,  we  would  not  shut  down  for  eithef  cause.  There  have 
been  breaks  in  the  mains  which,  until  shut  out  or  repaired,  have 
caused  the  pressure  to  be  greatly  reduced,  and  when  we  had  but 
one  main  leading  to  the  center,  a  break  in  this  entirely  cut  off 
the  supply  from  the  city. 

If  "  the  efficiency  of  a  water  works  is  measured  by  its  ability 
to  control  a  bad  fire  before  it  becomes  a  sweeping  conflagration," 
as  Mr.  J.  R.  Freeman  has  said,  then  the  direct  pumping  system, 
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as  used  in  Taunton,  has  proved  its  efficiency  in  its  twenty-eight 
years  of  service.  It  has  never  failed  to  be  ready,  and  any  defi- 
ciency has  been  clearly  shown  to  be  due  to  small  mains  and  not 
to  the  pumping  system.  My  predecessor  as  superintendent, 
Mr.  George  F.  Chace,  in  a  paper  before  this  Association  in  1891,* 
gave  in  detail  the  work  done  at  numerous  fires,  and  the  record 
has  been  fully  maintained  up  to  this  time.  On  the  16th  of  last 
month  (August),  at  1.27  a.m.,  in  a  stable  and  in  a  near-by  laundry, 
was  discovered  a  fire  under  good  headway,  so  much  so  that 
nothing  was  rescued  from  the  stable,  and  but  little  from  the 
laundry.  These  buildings  were  surrounded  by  others  but  a 
few  feet  away.  The  fire  was  confined  to  the  two  buildings,  con- 
trolled by  eighteen  good  streams  with  first-class  pressure.  We 
pumped  about  1|  million  gallons  between  midnight  and  six 
o'clock  the  next  morning;  this  was  pumped  part  of  the  time  at 
the  rate  of  8  000  000  gallons  per  day. 

The  total  expense  at  our  pumping  station  last  year  was  $9  363.78. 
The  chief  engineer  of  our  fire  department  tells  me  that  if  he  had 
to  use  steamers  to  obtain  the  necessary  fire  pressure,  as  he  un- 
doubtedly would  under  any  other  system,  the  extra  annual 
cost  of  his  department  would  be  about  $25  000. 

Mr.  George  A.  Ellis,  in  a  paper  before  this  Association,  said, 
"  If  the  pipe  system  is  w^ell  designed,  able  to  convey  the  volume 
of  water  required  without  undue  loss  from  friction,  and  the  pipe 
itself  able  to  withstand  the  strains  and  shocks  arising  from  direct 
pressure,  then  direct  pressure  is  desirable  for  fire  protection." 
We  have  experienced  no  shocks  and  apparently  no  strains, 
except  what  would  be  produced  under  any  system  with  equal 
pressure. 

There  is  some  indication  that  others  are  coming  to  be  of  the 
same  opinion  as  Mr.  J.  N.  Tubbs,  of  Rochester,  N.  Y.,  was  thir- 
teen years  ago,  when  he  said,  "  As  a  de\Tice  for  the  suppression 
of  fires,  I  believe  it  to  be  unequaled,  and  I  am  inclined  to  the 
opinion  that  the  general  adoption  of  this  or  some  similar  system 
in  all  large  cities  and  manufacturing  towns  where  valuable  build- 
ings, merchandise  and  industries  are  concentrated,  will  be  found 
the  most  effective  and  cheap  means  for  fire  protection." 

♦Journal,  N.  E.  W.  W.  Assn.,  Vol.  6,  p.  67. 
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DISCUSSION. 

Mr.  Frank  E.  Merrill.  I  should  like  to  ask  Mr.  King  what 
effect  the  increase  from  domestic  to  fire  pressure  has  upon  the 
plumbing  in  the  houses. 

Mr.  King.  The  tanks  of  the  water-closets  have  frequently 
caused  trouble  on  account  of  leaking  because  of  the  increased 
pressure.  When  the  pressure  goes  up  to  fire  pressure,  the  valves 
which  have  been  set  to  work  on  55  pounds  will  frequently  leak. 

Mr.  Merrill.     Is  the  city  metered? 

Mr.  King.     About  forty  per  cent. 

Mr.  Merrill.  And  on  account  of  the  waste  from  the  ball 
cocks  occasioned  by  the  increase  of  pressure,  do  you  not  some- 
times have  complaints  from  the  consumers  because  of  the  extra 
amount  of  water  which  passes  through? 

Mr.  King.     We  do  have  plenty  of  them. 
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HASKELL'S    BROOK    RESERVOIR    AND    DAM, 
GLOUCESTER,  MASS. 

.     BY   H.    W.    SPOONER,    CIVIL   ENGINEER,    GLOUCESTER,    MASS. 

[Rend  September  15.  190^.'] 

The  city  of  Gloucester  has  a  system  of  water  works  which  has 
an  interesting  history.  The  writer  will  not  attempt,  however, 
to  give  details  at  this  time  of  the  ways  and  means  which  were 
utiUzed  to  supply  this  old  and  beautiful  Massachusetts  locality 
with  water  for  domestic  and  other  purposes,  but  will  endeavor 
to  describe  only  the  construction  of  the  new  impounding  reser- 
voir, the  preparation  of  the  basin,  and  the  building  of  the  dam. 

The  original  plant  was  constructed  by  George  H.  Norman 
and  owned  by  the  Gloucester  Water  Supply  Company.  This 
company  contracted  with  the  city  to  furnish  fire  protection,  etc., 
under  contracts  which  were  to  expire  in  1896,  previous  to  which 
time,  however,  the  city  acquired  possession  of  the  works,  and 
it  was  necessary  to  immediately  commence  improvements  and 
additions. 

By  referring  to  a  schedule  prepared  by  the  writer,  —  Plate  I, 
showing  the  number  of  gallons  of  water  pumped  since  the  first 
record  was  kept,  — and  remembering  the  fact  that  the  estimated 
average  daily  yield  of  both  sources  originally  acquired  by  the 
city  is  about  900  000  gallons,  one  may  readily  perceive  that  even 
previous  to  the  time  that  the  city  obtained  possession  of  the 
works,  a  further  or  added  source  of  supply  was  necessary  in  case 
of  exceeding  dry  weather.  On  account  of  the  slight  depth  and 
the  nature  of  the  bottom  of  the  Wallace  Brook  Reservoir,  the 
water  from  that  source  is  not  fit  for  use  during  the  warm  season, 
and  the  only  supply  at  the  disposal  of  the  city  which  could  be 
depended  upon  for  use  throughout  the  year  was  the  Dikes  Meadow 
Reservoir. 

From  the  second  annual  report  of  the  board,  the  following 
quotation  is  taken:    "  The  supply  of  water  has  been  sufficient 


28 


HASKKLl.  S    15KOOK    KESEKVOIR,    GLOl.'CK.STER,    .MASS. 


for  our  needs  this  year,  but  we  recognize  the  fact  .  .  .  that 
we  shall  need  an  increased  supply." 

From  the  report  of  1898  it  may  be  seen  that  iilth()u,tih  exten- 
sive changes  were  made  at  the  pumj)ing  station,  no  bt^ginning 
was  made  upon  an  additional  sup])ly. 

In  the  report  for  the  following  year,  a  report  of  Engineer 
Percy  M.  Blake  may  be  found,  in  which  he  discusses  an  additional 
supply  from  either  of  two  sources  —  one  being  the  Chebacco 
Lakes,  the  other  Haskell's  Brook. 

During  the  year  1900  the  writer,  at  the  recjuest  of  the  water 
board,  made  a  survey  of  the  Haskell's  Brook  watershed,  com- 
menced surveys  for  the  definite  location  of  an  impounding  reser- 
voir in  the  valley  through  which  the  brook  flows,  and  made  a 
report  of  his  findings. 

In  1901  the  city  council  voted  an  amount  of  money  for  addi- 
tional water  supply,  and  the  water  board  decided  to  utilize 
Haskell's  Brook  by  erecting  a  dam  across  the  valley  three  thou- 
sand feet  or  more  above  the  site  of  an  ancient  sawmill,  impound- 
ing the  waters  of  the  brook  and  conducting  them  to  the  pumping 
station  by  a  gravity  conduit  composed  of  20-inch  cast-iron  pipe. 

Early  in  July  an  engineer  corps  was  organized,  and  under 
instructions  from  the  board  surveys  were  recommenced,  and 
in  September  plans  of  all  lands  affected  by  the  construction  of 
the  proposed  reservoir  were  laid  before  the  commissioners. 

After  considering  the  matter  at  length,  the  board  decided 
to  "  take."  by  right  of  eminent  domain,  all  properties  within 
the  lines  laid  down  and  necessary  to  the  project,  the  required 
plans  and  papers  were  filed,  and  the  work  of  clearing  and  pre- 
paring the  basin  for  the  storage  of  an  additional  supply  of  water 
for  domestic  and  other  uses  was  commenced  under  the  personal 
direction  of  the  writer  on  October  30,  1901.  It  was  the  intention 
of  the  board  to  do  the  work  upon  this  liasin  by  day  labor,  and 
the  removal  of  timbei-,  l)nish  burning,  etc.,  was  done  by  citizens 
of  Gloucester,  the  wage  rate  being  two  dollars  per  day  of  eight 
hours. 

A  location  for  th(>  site  of  the  basin  was  chosen  in  a  }:)ortion  of 
the  valley  upon  the  east  side  of  which  the  earth  was  of  gravel 
and  ledge,  having  a  very  slight  coating  of  loam;    upon  the  west 
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side,  disintegrated  ledges  and  bowlders  and  a  very  little  gravel 
were  found.  The  hills  rose  abruptly  from  the  edges  of  the  an- 
cient pond  (Plate  II),  the  waters  of  which  (having  a  maximum 
depth  of  four  feet)  were  formerly  impounded  and  used  by  the 
owners  of  a  sawmill  which  was  situated  some  distance  below  on 
the  line  of  the  brook. 

After  the  pond,  which  had  an  area  of  about  twenty-six  acres, 
was  drained  and  the  obstructions  removed  from  the  brook  bed, 
it  was  found  that  the  silt  had  accumulated  for  centuries  in  the 
bottom  of  the  valley,  leaving  the  bottom  of  the  pond  practically 
level,  with  a  maximum  known  depth  of  silt,  vegetable  matter, 
etc.,  of  sixteen  feet.  As  the  watershed  above  this  site  is  entirely 
free  from  dwellings  of  smy  description  and  practically  free  from 
large,  swampy  areas,  it  was  decided  that  by  careful  work  upon 
the  basin  proper,  water  of  excellent  ciuality  could  be  obtained 
from  this  source. 

The  removal  of  wood  was  practically  completed  prior  to  the 
opening  of  the  spring  of  1902,  at  which  time  the  writer  began 
detailed  operations  upon  the  proposed  dam  site,  and  the  prepa- 
ration of  the  bottom  of  the  basin  was  placed  in  charge  of  Super- 
intendent John  W.  Moran. 

As  it  was  found  that,  on  account  of  the  excessive  depth  of  silt, 
it  would  be  impracticable  to  remove  it  from  the  basin,  borrow 
pits  were  opened  in  the  sides,  and  the  work  of  covering  the  entire 
reservoir  bottom,  an  area  of  about  twenty-six  acres,  with  clean 
earth  was  commenced  in  1902,  citizens  of  the  city  only  being 
employed  at  the  rate  above-mentioned  to  do  this  portion  of  the 
work,  which  was  completed  in  September,  1902,  the  depth  of 
cover  averaging  about  one  foot. 

While  the  above  work  was  being  carried  forward,  the  sides  of 
the  reservoir  were  grubbed,  the  stumps  removed,  and  a  small 
roadway  constructed  across  a  shallow  arm  of  the  pond  on 
the  east  side.  This  roadway  was  one  of  the  original  ways  to  the 
wooded  properties  beyond  the  pond,  and,  as  constructed,  the 
waters  collected  in  this  shallow  portion  of  the  reservoir  are 
held,  the  water  passing  from  the  surface  of  this  section  of  the 
basin  to  the  main  reservoir  in  freshet  season  through  a  culvert 
near  the  surface  of  the  roadwav. 
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The  plans  for  the  coristniction  of  the  main  dam  were  com- 
pleted, a  contract  and  specifications  prepared,  and  bids  called 
for  by  the  writer  under  direction  of  the  water  board.  On  the 
opening  of  the  bids,  the  contract  was  awarded  to  Coleman 
Brothers  of  Everett,  Mass. 

This  work  was  commenced  on  July  23,  1902,  and  completed 
on  August  8,  1903,  the  reservoir  containing  at  the  time  of  the 
completion  of  the  structure  a  maximum  depth  of  water  of  20.17 
feet. 

The  work  was  commenced  by  stripping  the  site  of  the  dam  of 
all  loose  bowlders  and  muck,  and  excavations  were  begun  for 
the  core  wall,  gate-chamber,  and  gate-house  foundation.  These 
excavations  were  extended  to  ledge  or  a  suitable  bed  of  hard  pan 
upon  which  the  concrete  work  was  laid.  The  trench  for  the  core 
wall  foundation  (Plate  III)  was  opened  entirely  across  the  valley, 
and  the  concrete  wall  was  constructed  in  layers  of  from  three  to 
four  feet  in  depth,  the  top  of  each  stratum  being  grooved  by  the 
use  of  a  piece  of  timber  eight  inches  scjuare  embedded  in  the  con- 
crete when  placed.  After  the  concrete  was  set,  these  timbers  were 
removed,  leaving  an  indentation  which  was  filled  with  cement 
just  prior  to  laying  the  succeeding  course.  The  entire  work  was 
carried  up  in  layers  which  reached  across  the  valley  (Plate  IV), 
the  earth  forming  the  embankments  being  spread  about  one  foot 
in  depth,  then  rolled  and  puddled.  The  slope  toward  the  pond 
was  paved.  The  gates  in  the  gate-chamber  were  set  in  place  as 
the  grade  of  each  was  reached.  The  work  was  carried  up  in  this 
way  (the  valley  sealed  for  its  entire  width)  so  that  as  much  water 
as  possible  might  be  stored  in  the  basin  at  the  earliest  possible 
date. 

Large  quantities  of  the  material  used  in  forming  the  embank- 
ments were  taken  from  borrow  pits  situated  inside  the  basin,  a 
pit  being  opened  on  the  outside  when,  on  account  of  the  rising 
of  the  waters,  the  inside  pit  could  no  longer  be  utilized. 

The  stone  used  in  the  concrete  was  crushed  upon  the  work; 
all  bowlders  removed  from  the  site  of  the  dam  were  hauled  out 
upon  the  pond  bottom,  broken  up  and  delivered  to  the  crusher, 
and,  later,  stone  from  the  pits  was  utilized.  As  no  suitable  sand 
was  found  near  the  site  of  the  work,  the  contractors  were  obhged 
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to  haul  all  that  was  used  from  a  i^it  some  three  quarters  of  a 
mile  distant. 

The  dam,  built  in  strict  accordance  with  the  original  design, 
is  what  is  known  as  an  earthen  core-wall  structure,  a  core  of 
concrete  being  erected  in  the  center  of  an  earthen  l^ank  through- 
out its  length,  the  top  being  two  and  one-half  feet  above  the 
normal  flow  line  of  the  reservoir. 

Within  the  basin  and  rising  through  the  embankment  about 
half  way  up  the  inner  slope,  a  circular  gate-chamber,  fifteen  feet 
in  interior  diameter,  built  of  concrete  and  lined  with  brick,  was 
constructed  (see  Plates  V  and  VI).  Wing  walls  project  from 
this  chamber  to  the  outer  lines  of  the  embankment,  forming  an 
open  passage  five  feet  in  width  at  the  bottom  of  the  chamber; 
in  the  bottom  of  this  passage  is  the  blow-off  or  scouring  pipe  and 
the  lower  end  of  the  twenty-inch  automatic  overflow  pipe. 

The  intakes  consist  of  cast-iron  pipes  set  in  the  concrete  walls, 
six  feet  apart  vertically,  and  upon  different  sides  of  the  chamber. 
On  the  inside  of  the  tower  and  bolted  to  the  flanged  ends  of 
the  intake  pipes  are  the  gates,  which  are  of  the  adjustable  pattern 
of  sluice-gate  made  by  the  Coffin  Valve  Company.  These  gates 
are  operated  in  the  brick  superstructure  which  surmounts  the 
chamber  by  wheel  stands  connected  with  the  gates  by  two-inch 
steel  rods.  Within  the  chamber,  brick  walls  project  inward  from 
the  lining,  into  which  iron  screenways  are  built;  screens  of 
copper  w4re,  with  hard-pine  interlocking  frames  which  were 
furnished  by  the  Coffin  Valve  Company,  are  operated  in  the 
screenways,  and  may  be  removed  and  cleaned  at  will. 

A  gate-house  of  brick,  built  outside  of  and  below  the  dam, 
contains  the  gate  valves  that  are  located  upon  the  delivery  main, 
scouring  pipe,  and  by-pass.  This  last  valve  is  used  when  the 
gate-chamber  is  cleared  or  water  withdrawn  for  repairs,  allowing 
the  delivery  main  to  remain  full  below  the  gate-house,  the  by- 
pass making  a  cross  connection  between  the  delivery  main  and 
scouring  pipe. 

The  automatic  overflow  before  mentioned  was  introduced  into 
the  work  at  the  suggestion  of  Mr.  William  Wheeler,  civil  engineer, 
of  Boston,  who  served  as  consulting  engineer  upon  this  work. 
It  consists  of  a  line  of  20-inch  Akron  jDipe  laid  from  the  bottom 
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of  the  passage  before  mentioned,  under  the  paved  inner  slope  of 
the  dam  to  the  wasteway,  and  there  discharging  the  waters  from 
the  bottom  of  the  basin  when  the  water  reaches  the  normal  flow 
Une.  It  will  be  observed,  therefore,  that  the  normal  waste  of 
water  from  this  reservoir  is  from  the  bottom,  the  water  of  poorest 
quality  being  wasted  with  the  aid  of  this  device,  while  the  better 
quality  of  water  near  the  top  of  the  reservoir  is  taken  for  use 
through  the  intake  which  is  nearest  the  surface. 

The  wasteway  is  fifteen  feet  in  width,  the  waste  waters  being 
conducted  to  the  original  brook  bed  below  the  dam  by  a  paved 
way,  the  paving  of  which  is  laid  in  cement. 

The  inner  slope  (2  and  2^  to  1)  of  the  structure  is  paved 
with  granite  blocks,  while  the  outer  slope  (2  and  2^  to  1)  is 
grassed.  A  roadway  extends  along  the  entire  top  of  the  structure 
(Plate  VI),  connecting  the  original  wood  roads  on  either  side  of 
the  valley. 

The  reservoir  is  about  one  mile  in  length  and  covers  about 
57  acres,  the  watershed  containing  about  325  acres.  The  basin 
contains  at  the  normal  flow  line  about  427  000  000  gallons,  having 
a  maximum  depth  of  37  feet,  the  average  depth  being  23.06  feet. 
The  above  capacity  may  be  increased  (in  fact,  the  water  level  is 
at  present  above  the  normal  flow  line)  by  the  use  of  flashboards 
at  the  wasteway,  the  possible  increase  being  about  48  500  000 
gallons. 
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DESCRIPTION    OF    CONCRETE-STEEL    WATER    TOWER 
AND  STANDPIPE  AT  FORT  REVERE,  HULL,  MASS. 

BY    LKONARD    S.    DOTEN,   CIVIL    ENGINEER,    QUARTERMASTER'S 
DEPARTMENT,    UNITED    STATES    ARMY,    BOSTON,    AL\SS. 

[Read  December  U,   1904-] 

Whether  one  enters  Boston  Harbor  from  the  open  sea  or  sails 
down  the  channel  towards  Boston  Light,  the  most  conspicuous 
landmark  which  attracts  the  eye  is  the  tower-like  structure 
standing  on  the  summit  of  Telegraph  Hill  in  Hull.  This  is  the 
concrete  water  tower  constructed  by  the  government  in  connec- 
tion with  the  water-supply  system  for  the  military  post  known 
as  Fort  Revere,  and  situated  at  an  elevation  of  one  hundred  and 
thirty  feet  above  the  sea  level.  Its  advantage  of  position  not 
only  affords  good  water  pressure  in  the  military  post  water  mains, 
but  also  makes  it  a  landmark  which  is  often  used  by  navigators 
at  sea  for  determining  their  position  as  they  approach  the  coast. 
Additional  interest  is  attached  to  its  location  from  the  fact  that 
it  is  built  on  one  of  the  bastions  of  a  Revolutionary  fort,  com- 
monly known  as  "  the  old  French  fort."  It  is  a  unique  engineer- 
ing structure,  having  been  erected  at  a  time  when  reinforced 
concrete  construction  in  this  country  was  in  its  early  stage  of 
development,  and  has  the  distinction  of  being  the  first  water 
tower  in  this  country  constructed  of  this  material. 

Plans  and  specifications  had  been  prepared  in  the  Boston  office 
of  the  quartermaster's  department.  United  States  Army,  in  the 
spring  of  1902,  for  a  tower  to  enclose  the  steel  standpipe  which 
the  department  proposed  to  erect  in  connection  with  a  water 
works  system  for  the  fort.  Its  purpose,  on  account  of  its  prox- 
imity to  the  fine  residences  of  the  town  and  its  conspicuous  loca- 
tion, was  twofold,  —  to  protect  the  standpipe  against  possible 
destruction  by  the  formation  of  ice  cores  during  the  winter,  and 
to  add  an  interesting  feature  to  the  landscape,  rather  than  a 
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disfigurement.     The    design,    however,    was    later    considerably 
modified  to  lessen  the  cost  of  construction. 

In  May,  1902,  the  department  advertised  for  proposals  for 
the  construction  of  the  tower.  According  to  the  instructions 
given  to  bidders,  contractors  were  allowed  to  submit  proposals 
for  either  a  brick  masonry  tower  or  a  stone  masonry  tower  of 
the  same  general  design.  There  was  also  a  further  provision 
allowing  a  contractor  to  submit  a  proposal  for  the  construction 
of  a  tower  and  standpipe  from  his  own  plans  and  specifications, 
the  standpipe  to  be  of  the  same  dimensions  as  those  given  in  the 
plans  prepared  in  the  quartermaster's  department.  The  pro- 
posal finally  accepted  was  that  of  Mr.  R.  Baffrey  of  New  York 
City,  which  was  based  on  the  construction  of  a  concrete-steel 
tower  and  standpipe  designed  in  accordance  with  the  Hennebique 
system  of  armored  concrete. 

The  authorization  for  the  building  of  a  structure  so  radically 
at  variance  with  the  best  engineering  practice  at  that  time,  by  a 
department  of  the  government  known  to  be  conservative  in  its 
methods,  could  only  be  accounted  for  by  the  fact  that  it  desired 
by  means  of  experiment  to  find  a  material  more  durable  and 
economical  in  maintenance  than  steel  for  standpipe  construction. 
The  annual  cost  of  maintenance  of  steel  standpipes  and  similar 
structures  is  an  important  factor  to  be  considered  by  any  cor- 
poration. This  is  especially  true  when  they  are  located  along 
the  seacoast  and  in  tropical  climates.  Therefore  the  conclusion 
was  reached  that  if  concrete  standpipes  could  be  constructed 
which  would  prove  satisfactory  structurally,  the  solution  of  the 
problem  was  found. 

Work  was  begun  on  the  tower  in  the  latter  part  of  June,  1902. 
The  concrete  work  was  completed  that  fall,  but  the  tower  was 
not  fully  completed  and  accepted  until  June,  1903.  Water  was 
turned  on  late  in  the  fall  of  1902,  and  the  standpipe  was  filled  for 
the  purpose  of  testing  it.  So  far  as  the  concrete  was  concerned, 
the  test  was  satisfactory,  but  it  was  necessary  to  draw  off  the 
water  in  order  to  repair  some  leaks  which  developed  around 
the  inlet  pipe  connection  and  around  the  iron  manhole  cover. 
The  defects  were  easily  remedied.  During  the  remainder  of  the 
winter  the  pumping  was  so  regulated  as  to  keep  the  standpipe 
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about  one  third  full,  for  above  that  height  there  was  no  protec- 
tion from  the  frost,  as  the  brick  panels  in  the  walls  of  the  tower 
were  not  in  place.  Since  the  tower  was  completed  and  accepted, 
in  June,  1903,  it  has  been  in  constant  use  and  has  given  perfect 
satisfaction.  It  has  never  leaked,  nor  has  there  been  any  indi- 
cation of  seepage  through  the  walls. 

The  tower  is  octagonal  in  form,  33  feet  in  width  at  the  base 
and  84  feet  in  height,  measured  from  the  grade  line  of  the  base 
to  the  apex  of  the  steep  pyramidal  roof  which  surmounts  the 
structure.  It  is  constructed  principally  of  reinforced  concrete. 
The  massive  base,  the  eight  columns  supporting  the  superstruc- 
ture above  the  standpipe,  the  floor  and  walls  of  the  observatory, 
and  the  winding  stairs  extending  from  the  entrance  of  the  tower 
to  the  observatory,  are  all  constructed  of  this  material.  The 
deeply  recessed  panels  between  the  columns  are  formed  of  buff- 
colored  pressed  bricks.  The  roof  structure,  which  is  of  wood, 
rises  eighteen  feet  above  the  masonry  of  the  tower  and  is  covered 
with  black  slate.  The  character  of  the  architectural  design, 
assisted  by  the  harmonious  colors  of  the  concrete  and  brick  walls, 
makes  the  tower  an  attractive  feature  in  the  landscape.  (See 
Plate  I.) 

The  foundation  of  the  tower  is  constructed  of  concrete  com- 
posed of  one  part  Portland  cement,  three  parts  sand,  and  five 
parts  broken  stone.  As  the  soil  on  which  the  foundation  was  to 
rest  was  of  a  firm,  unyielding  nature,  locally  known  as  "  hard- 
pan,"  it  was  not  deemed  necessary  to  place  it  lower  than  would 
be  required  to  insure  it  against  the  action  of  frost.  The  depth  of 
concrete  below  the  finished  grade  is  five  feet.  A  portion  of  the 
foundation  is  taken  up  by  a  valve  chamber,  5  feet  by  9  feet  in 
plan  and  6  feet  in  height.  The  walls  of  this  chamber  extend  two 
feet  below  the  bottom  of  the  other  portion  of  the  substructure, 
and  they  are  reinforced  with  f-inch  steel  rods.  This  chamber 
contains  the  6-inch  inlet  and  outlet  pipe,  the  6-inch  drain  pipe, 
and  the  two  gate-valves  controlling  these  pipe  hues.  Fig.  1  shows 
an  elevation  and  section  of  the  tower  and  tank. 

The  concrete  base  of  the  tower  is  4  feet  thick  at  the  grade  line, 
and  for  a  height  of  4  feet  the  inner  and  outer  surfaces  are  vertical. 
Above  this  point  it  batters  on  the  outside  to  a  thickness  of  2  feet 
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at  an  elevation  of  11  feet  above  grade.     The  concrete  base  is 
terminated    at    the  top  by  a  belt  course  2  feet  in  thickness  and 
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projecting  15  inches  beyond  the  outer  face  of  the  base.     The  exter- 
nal! face' of  the  base  is  divided  into  rectangles  by  deep  grooves, 
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which  give  it  the  appearance  of  regular  coursed  ashlar  masonry. 
The  concrete  forming  this  portion  of  the  tower  is  reinforced  by 
j-inch  steel  rods  and  stirrups. 

Resting  on  this  base  as  a  foundation  are  eight  reinforced  con- 
crete columns  38  feet  in  height,  which  support  the  upper  portion 
of  the  tower  and  roof.  These  columns  are  3  feet  6  inches  wide 
on  the  external  face,  and  3  feet  on  the  internal  face,  and  2  feet 
thick.  They  are  each  reinforced  by  six  1-inch  vertical  rods 
extending  the  entire  length  of  the  columns. 

The  spaces  between  the  columns  are  filled  with  8-inch  walls 
laid  with  buff-colored  pressed  face  brick.  Capping  the  columns 
and  brickwork  panels  is  a  massive  coping  of  reinforced  concrete, 
which  overhangs  the  columns  on  the  exterior  two  feet,  and  forms 
the  support  for  the  concrete  floor  of  the  observatory. 

Immediately  above  the  main  columns  of  the  tower,  and  rising 
six  feet  above  the  floor  of  the  observatory,  are  smaller  columns 
which  support  the  roof.  The  spaces  between  the  columns  are 
left  open,  with  the  exception  of  a  2^-inch  galvanized  iron  bar 
across  each,  about  2j  feet  above  the  floor. 

The  concrete  floor  of  the  observatory  is  3^  inches  in  tlrckness. 
It  is  reinforced  by  ^-inch  rods  and  supported  by  two  8  X  16-inch 
reinforced  concrete  girders,  which  are  8  feet  apart.  The  floor 
was  designed  to  carry  60  pounds  per  square  foot. 

The  roof  was  strongly  constructed  of  spruce  timber  and  sheathed 
with  dressed  tongued  and  grooved  boards.  The  slate  used  were 
the  best  quality  of  unfading  black,  and  were  secured  to  the  sheath- 
ing with  copper  nails.  The  cornice,  finial,  and  weather  vane  were 
formed  of  heavy  galvanized  iron. 

The  stairway,  which  almost  completely  encircles  the  standpipe, 
extending  from  its  base  nearly  to  the  top,  is  also  of  concrete- 
steel  construction.  Small  platforms  anchored  to  the  main  col- 
umns of  the  tower  at  regular  intervals  form  the  supports  for 
straight  flights  of  stairs  connecting  them.  The  stairway  does 
not  come  in  contact  with  the  standpipe  at  any  point. 

The  most  unique  feature  of  the  entire  structure,  and  unprece- 
dented in  the  nature  of  its  construction  in  this  country,  is  the 
concrete  standpipe,  some  details  of  which  are  shown  in  Fig.  2. 
It  is  20  feet  in  internal  diameter  and  50  feet  in  height,  having, 
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therefore,  a  capacity  of  approximately  118  000  gallons.  The 
walls  of  the  standpipe  are  formed  of  a  thin  shell  of  concrete, 
6{  inches  in  thickness  at  the  base  and  3^  inches  at  the  top,  in 
which  is  embedded  a  complex  system  of  steel  rods.  The  interior 
surfaces  of  the  standpipe  were  later  made  smooth  and  impervious 
by  applying  to  them  three  coats  of  Portland  cement  plaster,  this 
waterproofing  having  a  uniform  thickness  of  one  inch. 

The  inner  form  was  first  placed  in  position.  It  consisted  of 
four  horizontal  rings  of  equal  heights  placed  one  above  the  other, 
each  being  divided  into  eight  equal  segments  formed  of  plank 
ribs  and  vertical  lagging.  The  whole  inner  form  was  rigidly 
braced  and  tied  together  inside.  The  outer  form  was  so  con- 
structed that  it  served  a  double  purpose,  being  also  used  for  a 
scaffold  in  placing  material.  Uprights  were  placed  radially  in 
two  circles  about  four  feet  apart  on  the  inner  one.  These  were 
firmly  held  in  position  by  braces,  the  inner  circle  being  properly 
adjusted  with  reference  to  the  inner  form  to  give  the  required 
thickness  of  concrete  at  all  elevations.  After  the  rods  were 
placed  in  position,  ^-inch  boards  were  bent  horizontally  until 
they  formed  a  true  circle  in  contact  with  the  inner  faces  of  the 
uprights.  These  were  placed  or  driven  into  position  a  little  in 
advance  of  the  concrete  filUng. 

Portland  cement  concrete,  mixed  in  the  proportion  of  one  part 
cement,  two  parts  sharp  sand,  and  four  parts  coarse  gravel,  not 
over  one  inch  in  diameter,  was  deposited  between  the  forms  and 
worked  around  the  rods  in  such  a  manner  as  to  leave  no  voids. 
The  reinforcement  of  the  walls  of  the  standpipe  consists  of  hori- 
zontal rods  in  the  form  of  rings,  and  vertical  rods.  In  the  lower 
portions  of  the  standpipe  the  horizontal  rods  are  ^-inch  in  diam- 
eter, and  when  placed  in  position  formed  two  concentric  rings  in 
each  plane.  At  the  base  the  vertical  distance  between  the  planes 
was  If  inches.  This  interval  was  gradually  increased  toward 
the  top  until  the  final  intervals  were  7h  inches.  The  vertical 
rods  were  i%  inch  in  diameter,  and  placed  8  inches  on  centers 
and  wired  to  the  horizontal  rods  at  each  point  of  contact.  They 
were  placed  in  such  a  manner  that  one  half  of  the  rods  were  in 
contact  with  the  inner  rings  and  the  other  rods  with  the  outer 
rings. 
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In  the  bottom  were  embedded  two  systems  of  rods,  placed  at 
right  angles  to  each  other  and  wired  together  at  all  intersections. 
These  rods  were  ^  inch  in  diameter  and  placed  4  inches  on  centers. 
The  angle  between  the  bottom  and  sides  was  also  reinforced 
with  |-inch  rods,  3  feet  4  inches  in  length  and  placed  radially, 
these  being  about  8  inches  on  centers  at  sides. 

The  standpipe  is  provided  with  an  outside  overflow  pipe  ex- 
tending from  a  point  one  foot  from  the  top  to  a  junction  with  the 
drain  pipe  in  the  valve  chamber.  It  is  a  6-inch  wrought-iron 
pipe  and  is  provided  with  an  expansion  joint. 

The  erection  of  this  standpipe  has  been  a  successful  experiment, 
and  has  demonstrated  the  adaptability  of  concrete-steel  as  a 
material  for  structures  of  this  class,  when  it  is  properly  handled. 
This  form  of  construction,  in  its  marvellously  rapid  development 
in  this  country,  is  a  subject  in  which  water-works  engineers  are 
becoming  deeply  interested.  It  possesses  great  possibilities  in 
such  structures  as  dams,  reservoirs,  filter  beds,  acjueducts, 
standpipes  and  water  mains,  but  many  failures  must  necessarily 
follow  its  use  along  these  lines  through  faulty  designs  or  the 
inexperience  of  those  in  charge  of  construction. 
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Mr.  Edward  Atkinson.  I  should  like  to  ask  if  the  floor 
stresses  and  lateral  stresses  are  carried  entirely  by  the  steel,  or  if 
any  reliance  is  placed  upon  the  concrete? 

Mr.  Doten.  The  floor  stresses  are  carried  by  the  concrete 
base.  It  is  a  very  thick  mass  of  concrete,  and  it  is  reinforced  by 
small  rods,  not  so  much  for  strength,  perhaps,  as  to  prevent 
cracks  at  the  surface  from  the  contraction  of  the  concrete.  The 
walls  are  entirely  dependent  upon  the  steel  reinforcement;  no 
dependence  at  all  is  placed  upon  the  concrete  for  tensile  strength. 

Mr.  Atkinson.  I  find  that  the  most  conservative  engineers 
are  inclined  to  the  belief  that  all  the  stresses,  except  of  thick 
masses  of  concrete  for  vertical  stress,  should  be  carried  wholly 
by  the  steel,  and  the  concrete  is  merely  a  protective  covering  and 
to  support  the  steel. 

A  Member.     Will  you  state  the  cost? 
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Mr.  Doten.  The  water  tower  and  standpipe  complete  cost 
$11  980. 

Mr.  F.  I.  WiNSLOW.  Will  you  please  state  where  the  water 
supply  is  obtained  for  the  standpipe? 

Mr.  Doten.  It  has  been  taken  from  a  driven  well  on  the 
Reservation,  but  that  has  not  proved  altogether  satisfactory, 
and  I  believe  the  department  is  planning  to  take  the  water  from 
the  Hingham  system. 

Mr.  Desmond  FitzGerald.  How  much  space  is  there  between 
the  inner  shell  and  the  outside? 

Mr.  Doten.  About  two  feet.  Of  course  the  tank  is  circular 
in  form,  and  the  tower  is  octagonal;  about  two  feet  is  the  least 
space. 

Mr.  a.  O.  Doane.  Has  any  trouble  been  experienced  from 
freezing  and  ice  pressures? 

Mr.  Doten.  The  tower,  of  course,  is  intended  to  protect  the 
standpipe  from  the  frost,  but  accidentally  last  winter  the  stand- 
pipe  was  left  full  of  water  during  the  coldest  period,  and  was  shut 
off  from  the  system  for  a  short  time,  —  three  or  four  days;  and 
I  understand  from  the  commanding  officer  that  about  three  inches 
of  ice  formed  on  top  of  the  water.  There  has  not  been  any 
heavy  mass  of  ice. 

Mr.  Doane.  I  should  think  in  case  any  heavy  ice  formed,  as 
it  does  in  steel  standpipes  very  often  in  our  New  England  climate, 
it  would  be  very  injurious  to  such  a  structure  as  this.  There 
is  a  certain  amount  of  elasticity  in  steel  which  such  a  structure 
as  this  lacks. 

Mr.  Doten.  I  do  not  think  there  is  much  more  danger  from 
ice  in  a  concrete  standpipe  than  there  is  in  a  steel  one.  You  can 
very  definitely  determine  how  much  steel  is  required  in  such  a 
structure  as  this  to  resist  certain  pressures,  and  quite  as  well  as 
you  can  in  the  case  of  a  steel  structure. 

Mr.  Horace  G.  Holden.  How  did  the  cost  of  this  compare 
with  an  ordinary  steel  standpipe? 

Mr.  Doten.  This  one  was  somewhat  cheaper.  I  could  not 
say  as  to  all  sizes,  for  it  depends  somewhat  on  the  conditions 
and  size  of  the  standpipe;  but  generally  I  should  say  that  the 
type  would  be  cheaper  than  steel. 
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Mr.  Charles  N.  Taylor.  Is  it  considered  necessary  to  have 
this  outside  covering?  Would  it  not  be  all  right,  if  it  were  not 
for  the  appearance,  to  have  the  standpipe  without  the  tower,  the 
same  as  if  it  were  of  steel?  Of  course  with  a  steel  pipe  you 
wouldn't  ordinarily  have  any  such  outside  covering  as  you  have 
there. 

Mr.  Doten.  I  do  not  think  it  is  necessary  to  have  a  tower 
enclosing  the  standpipe.  The  original  idea  was  to  have  an  or- 
nament on  the  hill  rather  than  a  disfigurement.  The  contractor 
who  constructed  it  did  not  think  it  was  necessary  to  have  any 
protecting  tower,  but  it  was  merely  a  requirement  imposed  by 
the  government. 

Mr.  Taylor.  Wasn't  the  largest  part  of  the  expense  in  build- 
ing the  enclosing  tower? 

Mr.  Dotex.     Yes,  sir. 

Mr.  Taylor.  In  your  opinion,  what  would  the  cost  of  the 
standpipe  itself  have  been  if  you  had  left  out  the  outside  part  of 
it?     Should  you  say  it  would  have  been  less  than  half? 

Mr.  Doten.  Oh,  yes,  indeed;  I  should  suppose,  possibly, 
$4  000. 

Mr.  Taylor.  And  you  think  that  that  would  have  withstood 
the  action  of  frost  equally  as  well  as  steel  if  it  had  no  protection? 

Mr.  Doten.  Yes,  if  it  had  been  designed  with  that  in  view. 
Of  course  we  knew  it  was  to  be  enclosed;  perhaps  it  might  have 
been  more  heavily  reinforced  if  the  standpipe  had  been  designed 
to  be  exposed. 
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METER  RATES. 

[Topical  Discussion,  November  9,  1904-] 

President  Brooks.  The  report  of  the  Committee  on  Meter 
Rates  is  now  in  order. 

Mr.  Caleb  M.  Saville.*  If  I  am  the  only  member  of  the 
committee  present,  Mr.  President,  all  that  I  can  report  is  that 
your  committee  is  working  on  the  subject,  and  we  hope  before 
long  to  be  able  to  present  something  for  your  consideration. 

The  President.     Has  Mr.  Merrill  anything  to  say? 

Mr.  Frank  E.  Merrill.!  I  will  say,  Mr.  President,  that  my 
associate  on  the  committee,  Mr.  Saville,  has  covered  the  ground 
thoroughly  in  his  report.  (Laughter.)  I  would  suggest,  how- 
ever, that  instead  of  the  report  of  the  committee,  you  ask  for 
suggestions  from  members  of  the  Association,  and  I  am  sure 
that  anything  in  that  line  will  be  thankfully  received  by  the 
committee. 

The  President.  Following  the  suggestion  of  Mr.  Merrill,  I 
would  say  that  if  there  is  any  one  present  who  has  any  idea  to 
express  in  regard  to  what  should  be  embodied  in  the  report  of 
the  Committee  on  Meter  Rates,  we  should  be  glad  to  hear  from 
him. 

Mr.  Hugh  McLean.  J  This  matter  of  a  standard  metered  price 
to  all  users  of  water  is  something  that  I  have  given  considerable 
thought  to,  and  I  hoped  that  there  would  be  some  report  made 
to-day  that  would  give  me  some  light  on  the  subject. 

My  idea  is  that  all  metered  water  should  be  charged  to  all 
parties  at  the  same  price;  that  all  consumers  of  water  should  be 
charged  so  much  per  thousand  gallons,  whether  they  use  a  mil- 
lion gallons  or  a  thousand  gallons.  In  our  city  of  Holyoke,  if 
the  monthly  consumption  is  50  000  gallons  or  less,  the  rate  per 
1  000  gallons  is  12  cents  net;  for  a  monthly  consumption  in  excess 

*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass. 
t  Water  Commissioner,  Somerville,  Mass. 
t  Member  Water  Board,  Holyoke,  Mass. 
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of  50  000  gallons,  and  not  exceeding  200  000  gallons,  the  rate  is 
8  cents  net;  and  if  the  amount  used  per  month  is  in  excess  of 
200  000  gallons,  the  rate  per  1  000  gallons  is  4  cents  net.  Now, 
I  contend  that  this  is  wrong.  Other  members  of  the  Association 
may  not  agree  with  me,  but  following  up  the  argument  presented 
by  Mr.  Tighe  in  his  paper  at  the  Holyoke  convention  on  assessing 
values  of  municipal  ownership  in  water  departments,  it  seems 
to  me  that  the  equalization  of  meter  rates  is  a  problem  worthy 
of  the  attention  of  this  organization. 

I  contend  it  is  the  duty  of  the  municipality  to  sell  water  to  all 
its  citizens  at  the  same  price,  and  that  the  sooner  a  uniform 
charge  per  1  000  gallons  is  adopted  by  a  water  department,  the 
better  and  the  more  satisfactory  it  will  be  to  all  the  citizens. 

I  might  cite  to  you  the  fact  that  the  present  system  encourages 
concentration  of  capital  to  the  disadvantage  of  the  individual. 
I  might  cite  to  you  the  fact  that  a  large  number  of  men  may  get 
together  and  call  themselves  a  company,  and  by  consuming  a 
large  amount  of  water,  get  it  at  the  low  rate.  I  can  cite  as  a 
fact  that  this  thing  is  being  done  in  some  cities  in  New  England, 
and  the  only  way  to  obviate  it,  and  to  make  the  cost  of  water 
the  same  to  all,  is  to  have  a  uniform  rate  of  charge  to  every 
citizen.  It  may  not  be  possible  to  have  the  same  rate  in  all 
cities,  but  in  every  city  there  should  be  a  uniform  rate  to  all  con- 
sumers. For  instance,  take  the  American  Writing  Paper  Com- 
pany in  Holyoke,  since  the  amalgamation  of  the  paper  interests 
called  "  the  combine  " ;  previous  to  that  amalgamation  the  water 
for  each  mill  was  metered  and  each  paid  for  its  own  water.  Take 
the  American  Thread  Company;  previous  to  the  amalgamation 
of  all  the  thread  interests,  each  mill  paid  for  its  own  water.  Now, 
by  using  a  great  quantity  of  water,  they  get  it  at  the  low  rate  of 
4  cents  per  1  000  gallons. 

Now,  what  is  to  prevent  similar  amalgamations  of  interests 
in  other  cases?  For  instance,  all  the  users  of  water  for  elevators 
in  a  city  may  get  together  and  call  themselves  the  American 
Elevator  Company,  and  own  all  the  elevators  and  have  the  water 
all  charged  to  the  American  Elevator  Company,  thereby  robbing 
the  department  to  the  detriment  of  the  small  user  of  water. 
You  are  expending  annually  large  sums  of  money  in  building 
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up  water  works,  and  you  are  giving  the  advantage  to  the  large 
users  of  water.  That  evil,  it  seems  to  me,  should  be  corrected 
by  the  adoption  of  a  uniform  system  of  charges  for  water  to  all 
consumers,  say  4  cents  per  1  000  gallons,  or  whatever  is  actually 
necessary  to  bring  the  receipts  up  to  the  present  revenue,  — 
even  if  the  rates  have  to  be  overhauled,  which  may  be  necessary 
in  order  to  treat  all  citizens  alike.  All  citizens  are  equal  owners 
in  the  water  department,  —  I  refer  now  to  water  departments 
under  municipal  ownership,  and  this  may  not  apply  to  private 
ownership,  —  and  being  equal  shareholders  in  the  plant,  all  are 
entitled  to  the  same  treatment.  The  United  States  government 
does  not  sell  stamps  to  one  man  for  a  less  price  than  it  does  to 
another.  A  man  who  buys  $1  000  worth  or  $10  000  worth  of 
stamps  pays  at  the  same  rate  as  the  man  who  buys  only  one 
stamp;  and  the  same  treatment  ought  to  be  accorded  to  all 
citizens  who  use  the  public  water  supply. 

And  for  further  proof  of  my  statement,  I  will  cite  to  you  the 
fact  that  the  municipal  lighting  department  of  Holyoke,  which 
has  lately  acquired  a  plant  from  private  ownership,  charged  for 
lighting  on  a  basis  of  rates  similar  to  those  that  are  now  charged 
for  water,  which  I  think  is  entirely  wrong.  If  a  man  used  $100 
worth  of  electricity  in  a  month,  he  got  a  discount  of  60  per  cent.; 
if  he  used  $50  worth,  he  got  50  per  cent,  off;  if  $35  worth,  40  per 
cent.,  and  for  $10  worth,  20  per  cent.  off.  These  discounts  I 
contend  were  entirely  wrong;  and  public  opinion  was  aroused, 
and  sounded  such  a  protest  against  this  discount  system,  which 
was  to  the  benefit  of  the  large  consumer  as  against  the  interests 
of  the  small  consumer,  that  this  month  the  manager  has  announced 
that  on  and  after  December  1 ,  instead  of  charging  25  cents  per 
1  000  watt-hours,  the  rate  will  be  12  cents  to  all  consumers  of 
electricity,  less  a  discount  of  2  cents,  making  a  flat  rate  of  10  cents 
per  1  000  watt-hours.  And  I  contend  that  the  same  principle 
should  be  endorsed  by  the  New  England  Water  Works  Asso- 
ciation and  recommended  to  be  applied  to  water.  The  present 
system  encourages  the  fostering  of  trusts,  because  by  combining 
interests  they  get  their  water  much  cheaper  than  they  could 
individually,  to  the  disadvantage  of  the  small  user. 

I  attended  this  meeting  with  the  expectation  of  hearing  the 
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report  of  the  Committee  on  Meter  Rates  and  to  hear  what  members 
might  say  upon  the  subject.  This  is  what  I  have  to  offer,  and 
it  is  my  intention  to  have  adopted  by  our  water  board,  if  it  is 
possible,  the  ideas  which  I  have  expressed. 

Mr.  Desmond  FitzGerald.*  For  one,  Mr.  President,  I  wish 
to  say  that  I  have  been  much  delighted  to  hear  such  sentiments 
as  Mr.  McLean  has  expressed,  and  to  hear  them  so  well  put. 

Mr.  Morris  R.  Sherrerd.I  May  I  ask  Mr.  McLean  if  he 
proposes  to  couple  with  his  uniform  rates  for  metered  water  a 
minimum  rate  for  service? 

Mr.  McLean.  Our  rate  for  metered  water  is,  as  I  stated, 
where  the  monthly  consumption  is  50  000  gallons  or  less,  12 
cents  per  1  000  gallons.  Now  you  can  see  the  injustice  which 
results  to  the  small  consumer.  The  large  consumer  gets  all  his 
water  at  the  4-cent  rate,  and  we  are  building  reservoirs,  you 
might  say,  for  him,  while  the  smaller  consumers  pay  12  cents 
per  thousand  gallons.  For  the  first  50  000  gallons  the  charge 
is  12  cents,  for  the  next  200  000  it  is  8,  and  for  over  that,  4  cents. 

I\Ir.  Sherrerd.  Must  the  consumer  pay  a  certain  minimum 
amount  in  order  to  get  the  water  at  all? 

Mr.  McLean.     Yes. 

Mr.  Sherrerd.     How  much  is  that  a  year? 

Mr.  McLean.  If  he  only  uses  50  000  gallons  a  month  or  less, 
the  rate  is  12  cents. 

Mr.  Sherrerd.  What  is  the  least  possible  charge  that  a 
family  could  get  through  on?  Is  it  $2  or  S3  a  year,  or  something 
of  that  kind? 

Mr.  McLean.  All  faucet  charges  are  at  a  stipulated  rate,  and 
families  pay  a  stipulated  price,  $3.60  a  family  per  year,  7i€t. 

Mr.  Sherrerd.     Without  meters? 

Mr.  McLean.  Without  meters;  the  idea  is  to  encourage 
the  use  of  meters  and  make  the  price  as  nearly  equal  to  all  as 
possible,  by  having  a  standard  rate  for  all  water,  whether  a  man 
uses  one  thousand  gallons  or  a  million  gallons. 

Mr.  Holdex.  Does  the  city  furnish  the  meter,  or  the  con- 
sumer? 

*  Consulting  Engineer,  Brookline,  Mass. 

t  Engineer  and  Superintendent  Water  Department,  Newark,  .N.  .1. 
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Mr.  McLean.     The  city. 

Mr.  Sherrerd.     It  seems  to  me  that  there  are  two  elements 

which  enter  into  the  cost  of  water;    one  is  the  water  itself,  and 

the  other  is  the  cost  of  the  plant  to  distribute  the  water.     I  have 

gone  into   the  question    pretty  thoroughly,   and    although    the 

speaker  who  preceded  me  may  perhaps  be  right  theoretically, 

yet  it  seems  to  me  there  must  be  a  fixed  amount  paid  by  each 

consumer  before  he  begins  to  pay  for  the  water.     On  the  Newark, 

N.  J.,  plant  that  amount  figures  $4  on  each  tap.     This  represents 

the  interest  charge  on  the  cost  of  the  distribution  system;   that 

is,  it  costs  the  city  $4  a  tap  before  a  single  gallon  of  water  is 

delivered  to  the  consumers.     If  you  have  a  25-foot  lot,  and  you 

take  water  for  your  house  by  meter,  you  may  get  through,  at 

our  rate,  for  from  $8  to  $10  per  year.     Your  neighbor  may  have 

a  25-foot  lot  on  which  he  has  a  factory,  and  he  uses,  we  will  say^ 

$100  worth  of  water.     Now  it  practically  costs  the  city  the  same 

amount  of  interest  on  the  plant  to  bring  the  water  of  the  small 

consumer,  who  only  pays  $8  to  the  city,  that  it  does  to  bring  it 

to  the  large  consumer,  because  the  mains  have  got  to  be  large 

enough  for  fire  protection  in  any  event,  whether  that  consumer 

is  there  or  not.     And  it  seems  to  me  that  this  situation  ought  to 

be  taken  into  consideration  when  the  question  of  fixing  rates 

comes   up. 

Then  to  prevent  meter  consumers  combining  to  get  larger 
discount,  it  would  seem  to  me  that  a  water  department,  partic- 
ularly a  municipal  department,  could  control  this  by  making  the 
sliding  scale  apply  to  each  meter  or  to  each  building,  and  thus 
prevent  any  combination  of  interests,  scattered  all  over  the 
city,  from  getting  the  benefit  of  the  large  reduction  in  price. 
I  know  that  with  us  it  would  be  a  pretty  serious  thing  if  we  were 
to  raise  the  rate  to  our  large  consumers.  I  agree  that  it  is  nice 
to  talk  about  making  the  rate  as  low  to  the  small  consumers  as 
to  the  large  ones,  but  if  we  should  not  give  a  reasonable  discount^ 
so  as  to  bring  the  price  of  the  water  down,  our  larger  consumers 
would  be  able  to  get  an  adequate  supply  of  water  for  their  cool- 
ing purposes,  and  satisfactory  for  all  but  boiler  use,  by  taking 
it  from  driven  w^ells.  If  we  should  attempt  to  make  a  uniform 
rate,  I  know  that  we  would  lose  a  large  portion  of  factory  con- 
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sumption,  and  I  think  the  same  thin^"  might  l)o  true  in  other 
localities. 

Mr.  McLkan.  1  would  say  that  for  all  services  that  we  put 
in  we  charge  the  consumer  as  far  as  the  curbing  on  the  sidewalk. 
If  a  man  owns  four  hundred  tenements,  he  is  charged  $3.60  a 
year  for  every  faucet,  every  tap  in  every  tenement,  while  the 
readings  of  meters  belonging  to  the  large  corporations  are  added 
together,  thus  bringing  the  price  to  the  lowest  rate. 

Mr.  Sherrerd.     Put  him  on  a  meter. 

Mr.  McLean.  His  tenements  are  distributed  all  over  the 
city,  and  he  pays  $3.60  a  year  for  each  tenement;  while  the 
consolidated  interests,  which  meter  their  water,  as  I  have  before 
cited,  get  the  benefit  of  the  low  rate.  All  their  meters  are  read 
as  one  meter.  It  is  impossible  to  read  every  meter  on  its  own 
basis,  because  that  would  put  the  rates  up,  unless  the  rates  were 
changed.  The  only  fair  and  just  way,  under  municipal  owner- 
ship of  the  plant,  to  all  the  citizens,  who  are  equal  owners  in  the 
plant,  is  to  make  a  flat  rate  as  low  as  possible;  just  as  the  United 
States  government  makes  its  rate  on  postage  stamps,  or  its  duties, 
or  anything  else,  the  same  rate  to  each  and  every  individual. 
Consequently,  I  contend  that  it  is  the  duty  of  all  municipalities 
to  charge  a  flat  rate  of  so  much  per  1  000  gallons. 

Mr.  Robert  J.  Thomas.*  I  think,  Mr.  President,  that  it  is 
the  duty  of  a  municipality  to  furnish  water  to  its  citizens  at  the 
lowest  possible  rate,  —  to  furnish  a  first-class  cjuality  of  water 
and  plenty  of  it,  at  the  lowest  possible  rate.  Now.  it  seems  to 
me  that  if  by  reducing  the  price  of  water  the  municipality  can 
increase  the  number  of  takers,  and  thereby  increase  the  revenue, 
it  will  be  able  to  furnish  to  all  the  citizens  water  at  a  lower  price 
than  would  be  possible  otherwise.  As  Mr.  Sherrerd  has  well 
said,  a  great  many  large  water  takers  would  put  in  pumps,  drive 
wells,  or  take  water  from  other  sources,  and  thereby  deprive  the 
city  of  a  large  revenue,  if  they  did  not  receive  an  inducement  in 
che  way  of  reduced  rates  for  a  large  consumption. 

The  highest  rate  in  Lowell  is  14  cents  per  100  cubic  feet  for 
the  first  20  000  cubic  feet  in  a  quarter;  for  the  second  20  000,  the 
charge  is  L3  cents;  for  the  third  20  000,  12  cents,  and  so  on,  the 

*  Superintendent  of  Water  Works,  Lowell,  Mass. 
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lowest  rate  being  10  cents.  But  we  do  not  give  water  takers  the 
benefit  of  that  sliding  scale,  except  on  a  single  meter.  If  they 
have  two  meters  or  more,  they  are  charged  separately  for  each 
meter. 

One  of  the  benefits  to  be  derived  from  a  sliding  scale,  and  I 
presume  it  was  one  of  the  motives  for  establishing  it,  is  that 
instead  of  having  three  or  four  services  for  one  piece  of  property, 
thereby  increasing  the  cost  of  maintenance  to  the  water  depart- 
ment, they  get  along  with  only  one  pipe  and  one  meter,  de- 
creasing the  number  of  services  and  the  number  of  meters  and 
consequently  decreasing  the  cost  of  maintenance.  I  can't  see 
the  necessity,  in  Holyoke  or  in  any  other  place,  of  taking  all  the 
meters  of  one  concern,  considering  them  as  one  account,  and 
giving  them  the  benefit  of  the  sliding  scale.  That  is,  it  seems  to 
me  unnecessary,  and  is  not  the  practice  throughout  New  Eng- 
land. It  certainly  is  not  the  practice  in  Lowell,  and  I  believe  we 
follow  the  general  practice  pretty  closely. 

Another  reason  for  the  adoption  of  a  sliding  scale  is  that  the 
more  revenue  you  can  get  from  your  plant  the  easier  it  will  be 
to  reduce  your  rates  to  all  water  takers.  Of  course,  the  question 
has  two  sides  to  it,  and  it  will  bear  discussion  and  looking  into. 
I  feel  that  it  has  not  been  discussed  as  much  as  it  ought  to  be  by 
the  Association,  and  that  it  is  very  opportune  to  bring  it  up 
to-day.  Mr.  McLean  has  done  good  service  in  calling  it  to  the 
attention  of  the  Association,  and  it  ought  to  be  further  discussed, 
for  to  my  mind  it  is  not  by  any  means  a  settled  proposition  that 
it  is  the  duty  of  a  municipality  to  furnish  all  its  citizens  with  water 
at  the  same  price,  regardless  of  quantity  used. 

Mr.  Coggesh.\ll.  Do  you  have  a  minimum  rate  for  meters, 
Mr.  Thomas? 

Mr.  Thomas.     We  have  a  minimum  rate  of  $7. 

Mr.  FitzGerald.  It  has  often  struck  me,  Mr.  President, 
that  this  idea  which  Mr.  McLean  has  advanced  runs  througli  all 
our  systems  of  business.  If  I  go  to  a  railroad  station  and  wish 
to  go  to  Newton,  and  I  can  afford  it,  I  buy  a  package  of  tickets, 
so  that  the  cost  of  my  trip  is  very  much  reduced;  whereas  a  poor 
woman,  who  is  only  going  out  there  once,  perhaps,  has  to  pay 
nearly  twice  as  much  for  her  trip  as  I  do.     It  seems  to  me  that 
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in  the  case  of  a  public  carrier  that  is  all  wrong.  In  this  par- 
ticular case  it  costs  the  railroad  just  as  much  to  carry  me  as  it 
does  to  carry  her,  and  I  think  we  should  pay  the  same. 

This  is  a  subject  which  I  have  thought  of  a  good  deal  —  in  fact 
I  believe  I  am  on  a  committee  which  has  been  appointed  in  an 
adjoining  municipality  to  consider  this  very  subject  —  and  I 
believe,  as  my  friend  Mr.  Tliomas  says,  that  it  is  a  question 
which  has  two  sides;  and  1  think  it  will  be  an  excellent  thing  for 
the  Association  to  take  it  up  and  make  a  business  of  discussing 
it.  I  am  sure  that  the  varied  experiences  and  opinions  of  our 
members  would  make  the  discussion  exceedingly  interesting. 

Mr.  McLean.  While  1  have  a  good  deal  of  respect  for  the 
views  which  other  members  have  expressed,  and  I  think  there 
is  a  good  deal  of  justice  in  their  contention,  I  am  still  of  the 
opinion  that  the  only  fair  Avay  is  to  have  an  equal  rate  for  all. 
Where  municipal  ownership  has  been  made  a  success,  equal  rates 
have  been  charged  to  all  for  the  product  of  the  municipality, 
whether  gas  or  light  or  water  or  anything  else.  In  New  Zealand 
the  railroads  are  \mder  public  ownership,  and  it  doesn't  make 
any  odds  whether  a  man  ships  1  000  tons  of  freight  or  100  pounds, 
his  shipment  goes  at  the  same  rate;  and  so,  under  municipal  own- 
ership, water  should  be  supplied  at  the  same  rate  to  all  citizens. 
It  is  not  the  same  as  with  private  ownership.  A  private  com- 
pany can  do  what  it  wants  to,  but  under  municipal  ownership 
every  individual  is  a  part  owner  of  the  plant,  and  he  shoidd  have 
equal  rights.  Realizing  that,  the  Holyoke  lighting  department, 
which  is  the  only  municipal  department  of  its  kind  in  the  state 
on  a  large  scale,  will  supply  the  citizens  at  a  uniform  rate  in  the 
future;  whereas  previous  to  the  adoption  of  the  new  system 
many  were  getting  60  per  cent,  off,  while  the  small  consumer 
was  getting  only  20  per  cent.  off.  There  is  no  justice  in  oper- 
ating a  municipal  department  for  the  benefit  of  the  large  con- 
sumer, as  we  are  now  operating  the  municipal  water  department, 
building  reservoirs  and  borrowing  and  expending  large  sums  of 
money  in  laying  pipes  to  supply  his  needs,  and  giving  him  water 
at  the  very  lowest  rates  possible,  three  times  lower  than  others. 
I  contend  it  is  the  duty  of  the  municipality  to  supply  all  of  its 
citizens  with  water  at  one  price,  and  if  the  large  consumers  refuse 
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to  take  it,  well  and  good.  But  I  don't  believe  they  will.  I 
know  of  no  large  user  of  light  or  power  from  the  electric  depart- 
ment who  has  stopped  taking  it  since  the  change  of  discounts, 
and  so  with  the  water;  I  believe  with  a  flat  even  rate  to  all  we  will 
still  be  able  to  furnish  water  to  all  cheaper  than  they  can  procure 
it  for  themselves,  and  of  a  better  quality. 

Mr.  Robert  Spurr  Weston.*  I  should  like  to  ask  Mr.  Mc- 
Lean if  the  present  minimum  meter  rate  at  Holyoke  is  less  than 
the  cost  of  furnishing  water? 

Mr.  McLean.  I  cannot  answer  that  correctly  at  present; 
we  are  now  installing  four  large  meters,  —  two  Venturi  and  two 
Premier,  —  which  will  show  our  hourly  and  daily  total  consump- 
tion; then  we  can  come  very  near  to  knowing  exactly  what  we 
are  doing. 

Mr.  Caleb  M.  Saville.  May  I  ask  Mr.  McLean  if  he  advo- 
cates a  universal  meter  system? 

Mr.  McLean.     I  do;  yes,  sir. 

Mr.  Saville.     On  everything? 

Mr.  McLean.  I  do.  I  think  it  is  only  a  question  of  time  and 
enlightening  the  citizens  as  to  the  advisability  of  using  meters. 
It  is  a  hard  task  to  do  it,  but  the  time  is  coming  when  they  will 
see  it.  We  all  know  from  experience  with  faucets  and  fixed 
charges  that  the  leakage  is  enormous.  Sometimes  a  ^-inch  open- 
ing may  run  half  the  year  without  our  knowing  it,  and  leaks  are 
occurring  all  the  time.  If  all  services  were  metered  it  would  be 
better,  and  it  would  not  take  as  much  water  to  supply  the 
municipality. 

Mr.  Merrill.  I  do  not  know  whether  Mr.  McLean  attended 
the  meeting,  or  read  the  preliminary  report  of  this  committee 
which  was  presented  in  the  sjDring,  but  if  so  he  will  recall,  undoubt- 
edly, that  the  statement  was  made  at  that  time  that  the  city  of 
Somerville  had  looked  at  the  matter  in  much  the  same  light  that 
he  does,  and  so  far  as  it  was  able  had  placed  the  metered  water 
charges  on  a  uniform  basis,  abandoning  the  sliding  scale  which 
had  formerly  existed,  of  14  cents  for  th*e  first  20  000  cubic  feet 
used  in  a  quarter,  13  cents  for  the  second  20  000,  and  12  cents 
for  the  next  960  000  and  8  cents  for  anything  over  a  million,  and 

*  Sanitary  Expert,  Boston,  Mass. 
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substitiitino;  therefor  the  uniform  rate  of  12  cents  for  100  cubic 
feet. 

I  will  not  say  that  that  was  made  to  apply  to  every  consumer, 
because  we  have,  I  think,  three  out  of  our  11  000  rate-payers 
who  use  water  in  so  large  quantities  that  it  was  deemed  inadvis- 
able to  increase  their  old  minimum  8-cent  rate  to  the  otherwise 
uniform  rate  of  12  cents.  Conditions  must  decide  whether  the 
uniform  rate  can  be  made  to  apply  to  all  cases.  One  of  the  com- 
panies to  which  I  have  referred  has  a  local  water  plant  of  its  own 
now,  and  I  think  there  is  no  doubt  that  if  such  an  increase  in  its 
water  charges  as  would  result  from  advancing  its  minimum  8- 
cent  rate  to  a  uniform  12-cent  rate  had  been  made,  we  should 
have  lost  a  considerable  portion  of  its  patronage.  But  with 
these  exceptions  we  are  on  the  uniform  basis  of  12  cents  per  100 
feet  or  16  cents  per  1  000  gallons;  and  I  am  inclined  to  agree 
with  Mr.  McLean  that,  where  circumstances  will  permit,  that  is 
the  proper  way  to  charge  for  water. 

Mr.  Charles  W.  Sherman.*  One  of  the  companies  with  which 
I  am.  now  connected  has  found  itself  in  a  situation  very  similar 
to  that  described  by  Mr.  Merrill.  In  the  city  in  which  it  operates 
is  a  very  large  plant  belonging  to  one  of  the  so-called  trusts, 
which  employs  a  large  percentage  of  the  men  of  the  place.  For- 
merly, with  the  water  supply  under  a  different  management  and 
partially  under  the  control  of  the  municipality,  that  concern  was 
allowed  to  have  water  free.  A  new  management  having  taken 
hold  of  the  water  plant,  an  attempt  was  made  to  put  the  rate 
up  to  that  paid  by  other  consvmiers;  I  do  not  pretend  to  say 
it  is  a  flat  rate,  however  theoreticall}"  proper  such  a  rate  would 
be,  but  to  what  any  one  else  would  pay  for  the  same  quantity 
of  water.  It  was  found  to  be  absolutely  impossible  to  do  that, 
for  if  it  were  done  the  plant  would  be  closed  and  the  business 
moved  out  of  town. 

Now,  in  my  opinion,  the  theoretically  })roper  way  to  get  over 
that  circvmistance  would  be  by  receiving  from  some  source  the 
same  sum  of  money  that  another  consumer  would  have  paid  for 
that  quantity  of  water;  and  the  balance  in  excess  of  what  the 
plant  could  afford  to  pay  in  that  location  should  be  made  up  by 

*  Assistant  Manager  Water  Companies,  Boston,  Mass. 
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general  taxation  on  the  municipality,  and  not  by  inoreasinji:  the 
water  rates  to  other  consumers;  that  is,  by  making  the  whole 
municipality  and  not  the  water-takers  stand  the  difference. 
That  was  a  case  where  it  would  have  been  suicide  for  the  water 
company  to  establish  a  rate  such  as  would  force  the  manufac- 
turing plant  out  of  town,  since  it  would  have  practically  killed 
the  municipality;  and  the  result  was  that  a  rate  was  made  sub- 
stantially covering  the  cost  of  the  water,  possibly  a  fraction  of 
a  cent  less  than  the  cost  to  the  company  —  and  of  course  the 
balance  has  to  be  obtained  out  of  the  other  water  consumers. 
It  is  not  right,  but  I  do  not  see  how  we  can  do  any  better. 

Mr.  Sherrerd.  May  I  go  a  step  further,  Mr.  President,  with 
what  I  said  on  the  subject  when  I  was  speaking  of  the  lots?  I 
forgot  to  mention  that  there  is  another  factor  which  should  be 
taken  into  account,  and  that  is  the  vacant  lot  in  front  of  which 
a  pipe  is  laid.  That  lot  gets  the  benefit,  as  all  the  real  estate 
in  the  city  gets  the  benefit,  from  the  large  pipes  for  fire  protec- 
tion. But  I  know  that  in  some  cities  —  and  one  I  know  posi- 
tively about;  that  is,  Troy,  N.  Y.  —  they  charge  in  the  tax  levy, 
and  it  goes  in  the  tax  bill  on  the  real  estate,  $5  on  a  25-foot  lot 
for  every  lot  in  front  of  which  the  water  pipes  are  laid.  That  is 
really  equivalent  to  taking  care  of  this  item  of  $4,  which  I  spoke 
of  before;  and  perhaps  it  is,  from  a  theoretical  standpoint,  a 
fairer  way  to  distribute  the  cost  of  the  distribution  system  upon 
the  real  estate.  Of  course  this  always  raises  an  objection  on  the 
part  of  large  owners  of  vacant  land,  but  I  know  that  in  the  de- 
velopment of  such  tracts  of  land  these  same  owners  are  anxious 
to  have  the  water  department,  or  the  water  company,  lay  water 
pipes  through  the  streets  on  which  the  lots  abut,  because  the  lots 
are  thereby  increased  in  value  and  brought  into  the  market. 
And  if  that  is  true,  if  the  pipes  of  the  water  department  increase 
the  value  of  the  real  estate,  it  seems  to  me  that  the  real  estate 
ought  to  pay  a  portion  of  the  fixed  charge,  and  that  would  leave 
the  way  open  for  the  establishment  of  some  uniform  rate  for  the 
water. 

Mr.  McLean.  If  the  Association  is  ready  at  this  time,  I  would 
make  a  motion  that  it  is  the  sense  of  this  meeting  that  we  adopt 
some  kind  of  a  system  such  as  has  been  suggested. 
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The  President.  I  think,  Mr.  McLean,  that,  pending  the 
report  of  the  committee,  it  would  hardly  be  advisable  at  this 
time  to  take  any  action.  The  committee  has  the  matter  under 
consideration  and  has  merely  reported  progress,  merely  outlining 
some  of  the  points  that  have  come  up  in  the  minds  of  the  com- 
mittee as  to  the  many  difficulties  there  are  in  the  way  of  fixing 
a  uniform  meter  rate. 

Mr.  McLean.  Each  city,  of  course,  has  its  own  problems  in 
that  respect,  but  I  think  the  nearer  to  a  uniform  system  the 
Association  could  adopt,  the  better  it  would  be.  The  way  we  in 
Holyoke  get  over  the  difficulty  that  my  friend  on  the  left  [Mr. 
Sherrerd]  suggests  is  by  taxing  the  fire  department  so  much  for 
every  hydrant  that  it  has.  It  pays  us,  I  believe,  $8  a  year  for 
each  hydrant.  I  suppose  we  all  have  our  different  ways  of  doing 
these  things,  but  the  more  uniformity  there  could  be  about  it, 
it  seems  to  me,  the  better  it  would  be. 
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WATER  TANK  AND  TOWER  FOR  EAST  PROVIDENCE,  R.  I. 

BY    F.    M.    BOWMAN,    STRUCTURAL    ENGINEER,    RITER-CONLEY 
MFG.  CO.,   PITTSBURG,  PA. 

[Read  November  9,  1904.] 

During  the  fall  of  this  year  the  East  Providence  Water  Company 
completed  its  new  water  tank  and  tower  at  East  Providence,  R.  I., 
and  as  the  structure  is  in  several  respects  the  largest  of  its  type, 
a  description  of  it  in  detail  will,  no  doubt,  be  of  interest. 

The  tower  is  135  feet  high  from  base  of  column  to  base  of  tank, 
and  the  tank  is  50  feet  diameter  by  70  feet  high,  with  a  capacity 
of  1  000  000  gallons.  The  height  from  the  base  is  therefore  205 
feet  for  water  pressure,  and  the  total  height  to  the  top  of  the 
finial  is  234  feet.  The  structure,  a  view  of  which  is  shown  in 
Plate  I,  makes  a  w^ater  reservoir  for  fire  protection  for  East 
Providence  and  Riverside,  R.  I.,  it  being  located  on  an  elevated 
point  about  half  w^ay  between  the  two  places;  the  pumping 
station,  however,  is  located  some  three  miles  from  the  site  of 
the  tower. 

For  ten  years  previous  to  the  completion  of  this  structure  these 
cities  were  supplied  with  water  directly  from  the  pumps,  there 
being  no  reservoir  of  any  kind.  The  pressure  now  obtained  is 
great,  and  the  residents  find  it  necessary  to  look  carefully  to  their 
plumbing. 

Referring  to  the  details  of  design,  it  is  to  be  noted  that  the  tower 
has  four  center  and  eight  outside  columns,  as  shown  in  Plate  III, 
Fig.  1.  Most  of  the  direct  load  is  carried  on  the  four  center 
columns,  each  column  carrying,  approximately,  700  tons.  The 
location  is  such  that  the  foundations  are  carried  to  solid  rock, 
making  ideal  construction.  The  foundations  are  of  concrete, 
except  that  a  granite  cap  stone  in  one  piece  is  used  under  each 
of  the  twelve  columns, — in  the  case  of  each  center  column  this 
cap  stone  being  3  feet  X  6  feet  6  inches  X  6  feet  6  inches,  and 
weighing  11  tons.     The  lower  section  of  this  column  weighs  12 
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tons,  exclusive  of  cast-iron  base  (Fig.  1)  and  consists  of  two  web 
plates   15  X  I  inches,  four  flange  angles  6  X  6  X  H  inches  and 

four    cover    plates    24    X 
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The  wind  j)  r[e  s  s  u  r  e  was 
figured  at  50  pounds  per 
scjuare  foot  of  exposed  sur- 
face for  the  tower,  and  in  the 
case  of  the  tank  the  pressure 
was  assumed  as  two  thirds  of 
this  load  on  the  diametrical 
area  instead  of  the  usual  one 
half.  The  horizontal  wind 
strains  from  the  tank  are 
carried  almost  entirely  by  the 
eight  outside  columns,  which 
act  as  the  top  and  bottom 
chords  of  a  cantilever  girder 
>j  with    panel    points    at    every 

third     horizontal    strut,     the 
cantilever  being  fixed  to  the 
ground  b}^  the  anchor  bolts. 

The  floor  beams  for  the  platform  are  12-inch  I-beams,  carried 
on  box  girders  spaced  about  9  feet  on  centers,  these  in  turn  being 
carried  on  pin  connected  girders;  the  load  from  the  box  girders 
is  transmitted  by  direct  bearing  to  the  center  post  of  the  pin 
connected  girders.  The  platform  itself  is  made  of  concrete 
16  inches  thick,  thus  making  the  bottom  of  the  tank  frost  proof 
and  protecting  the  lower  surface  of  same  from  rust.  The  con- 
crete is  extended  to  the  hand  railing  along  the  edge  of  the  platform 
and  forms  a  foot-walk  around  the  tank. 

The  bottom  of  the  tank  is  of  ^-inch  steel  plates;  the  sides  vary 
in  thickness  from  1^  inch  for  bottom  ring  to  f  inch  for  top 
ring.  The  horizontal  seams  are  lap  joints  with  two  rows  of  rivets 
^  inch  in  diameter  for  the  lower  rings;  the  upper  seams  have  one 
row  only  with  f-inch  rivets.  The  vertical  seams  are  butt  joints 
for  the  lower  eight  courses  and  lap  joints  for  the  upper  six.  The 
butt  joints  have  two  splice  plates,  the  inner  one  about  twice  as 
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wide  as  the  outer  to  increase  the  per.-entage  efficiency  of  the 
joint.  The  diameter  of  rivets  varies  from  1  incli  for  the  lower 
ring  to  I  inch  at  the  top.  Tlie  tank  is  anchored  to  the  tower  with 
eight  bolts  2  inches  in  diameter  connected  to  the  lower  course  of 
side  plates  and  to  the  web  plates  of  supporting  girders. 
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Sectional  Elevation. 

Fig.  2. 


A  balcony  is  provided  aromid  the  side  at  the  top  of  the  tank. 
An  opening  30  inches  deep  is  allowed  between  the  top  of  the  shell 
and  the  roof  line  for  ventilation,  the  opening  being  covered  with 
heavy  wire  screen.     The  roof  consists  of  ^-inch  plates  riveted 
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together  and  supported  on  steel  trusses,  the  finial  being  a  2-4-inch 
copper  ball. 

The  inlet  and  outlet  pipes  are  14^  inches  inside  diameter,  of 
steel  pipe  supported  on  suitable  foundation  in  a  pit  where  the 
gate  valve  is  located;  they  are  attached  to  the  tower  by  steel  ties 
at  the  cross  struts,  and  a  slip  joint  is 
provided  at  the  top  section  for  expansion. 
Steel  flanges  are  used  for  pipe  connec- 
tions and  the  pipe  is  covered  with  three 
inches  of  asbestos,  this  being  in  turn 
protected  by  a  sheet  metal  cyUnder  i 
inch  thick,  made  in  halves,  with  flanges 
projecting  outward  for  bolting  the  sec- 
tions together. 

Stairs  30  inches  wide  are  furnished  to 
base  of  tank;  the  tank  is  provided  with 
a  vertical  ladder  15  inches  wide  with  a 
balcony  half  way  up  the  tank  as  a  rest. 
A  separate  stair  is  also  provided  to  the 
manhole  in  the  bottom  of  the  tank;  this 
manhole,  16  inches  in  diameter,  being  for 
access  to  inside  of  tank  for  cleaning  and 
painting. 

The  material  of  the  tower  is  medium, 
and  that  of  the  tank  soft,  open-hearth 
steel.  The  structure  is  designed  with  a 
factor  of  safety  of  four,  the  tension  unit 
strain  in  tower  being  14  000  pounds  and 
in  tank  11  000  pounds  per  square  inch. 
The  pressure  of  'the  column  bases  on  the 
granite  caps  does  not  exceed  400  pounds, 
and  that  of  the  granite  on  the  concrete 
250  pounds  per  square  inch. 

The  erection  had  to  be  carried  on  carefully  on  account  of  the 
great  height  and  the  prevalent  high  winds,  and  the  work  was 
slow  and  expensive  for  these  reasons  and  because  it  was  impos- 
sible to  carry  on  the  raising  of  material  and  the  driving  of  rivets 
at  the  same  time.     The  raising  of  material  had  to  be  abandoned 
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when  the  riveting  was  in  progress,  as  otherwise  the  riveters  were 
liable  to  accident  and  injury.  The  work  was  carried  on  under 
the  supervision  of  the  engineers  of  the  Water  Company,  Messrs. 
Bushnell  and  Wood,  the  Riter-Conley  Manufacturing  Company, 
Pittsburg,  Pa.,  being  the  contractors. 

DISCUSSION. 

Mr.  Arthur  B.  Lisle.*  The  situation  is  just  as  Mr.  Bowman 
has  stated  in  his  paper,  and  the  only  thing  which  occurs  to  me 
which  perhaps  would  be  of  an  additional  interest  to  the  members 
of  the  Association  is  a  statement  of  some  of  the  reasons  for  putting 
up  such  a  standpipe,  and  the  advantage  that  we  hoped  to  gain 
thereby.  We  have  no  other  reservoir,  and  being  practically  forced 
by  the  demands  of  the  insurance  people  to  have  some  reserve  in 
case  of  fire,  — for  although  we  have  duplicate  pumping  apparatus, 
in  case  of  accident  during  a  fire  that  would  not  be  of  enough  assist- 
ance, —  we  were  practically  forced  to  put  in  a  standpipe.  Our 
reason  for  putting  in  one  of  such  size  and  type  was  to  give  us  a 
pressure  which  would  be  satisfactory  to  all  interests.  This  stand- 
pipe  will  give  us  a  pressure  of  150  pounds  at  tide  water,  and  as 
much  of  our  territory  is  near  tide  water,  and  our  largest  business, 
especially  our  manufacturing  business,  is  all  near  tide  water,  we 
will  get  125  to  140  pounds  pressure  for  almost  all  of  our  large 
customers.  That  pressure  will  be  of  more  or  less  assistance  to  us, 
not  only  from  the  fire  protection  standpoint  but  from  the  com- 
mercial standpoint,  by  enabhng  us  to  get  business  from  manu- 
facturers ;  because  this  pressure  will  obviate  the  necessity  of  using 
feed  pumps,  injectors,  etc.,  and  it  will  allow  the  feeding  of  boilers 
direct  from  the  system.  It  has  already  worked  to  our  advantage 
in  that  way. 

The  standpipe  is  large  enough  for  the  territory  we  have  to 
furnish  and  to  take  care  of  any  ordinary  fire  demands.  We  could 
get  along  with  the  standpipe  for  possibly  a  day  and  a  half  in  case 
anything  should  happen  to  our  pumping  apparatus,  and  although 
it  is  not  a  large  system  and  the  amount  of  water  is  not  very  great, 
the  standpipe  puts  us  in  a  position  where  we  are  so  much  better 

*  Treasurer,  East  Providence  Water  Co. 
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off  than  we  were  before  that  we  feel  ciuite  pleaKed.  We  had  some 
trepidation  because  we  feared  that  the  high  pressure  might  cause 
a  lot  of  trouble  on  our  mains,  as  previously  we  had  never  had  much 
over  80  pounds,  l^ut  during  the  last  five  years,  anticipating 
this  change  somewhat,  we  have  laid  only  the  heaviest  pipe  and 
have  tried  to  make  the  joints  such  as  to  avoid  trouble  of  this 
kind.  Thestandpipehas  been  in  service  now  for  nearly  a  month, 
and  we  have  had  no  breaks,  other  than  the  blowing  out  of  a 
couple  of  dead  ends  where  there  was  probably  some  water-hammer. 

President  E.  C.  Brooks.  Would  you  care  to  tell  us  ap- 
proximately what  the  structure  cost,  Mr.  Lisle? 

Mr.  Lisle.  I  do  not  think  it  would  do  any  harm  to  say  that 
it  cost  a  little  less  than  $100  000. 

Mr.  Francis  W.  Dean.*  Mr.  President,  I  have  from  time  to 
time  taken  some  interest  in  the  designs  of  towers  for  this  purpose. 
I  note  that  there  is  an  angle-iron  at  the  bottom  on  the  inside  as 
well  as  on  the  outside,  as  is  usually  the  custom.  The  method 
of  placing  the  angle-iron  on  the  outside  only  is  very  bad  con- 
struction, and  I  think  it  is  in  a  measure  responsible  for  some  of 
the  failures  which  have  occurred.  The  angle-iron  w^ould  neces- 
sarily be  c|uite  large,  —  I  suppose  it  is  frequently  6X6  inches,  and 
as  the  rivets  therein  are  near  the  outer  edge,  in  order  to  be  able 
to  calk  the  joint  properly,  you  will  see  that  under  this  angle-iron 
there  is  quite  a  width  of  plate,  where  there  is  an  upward  pressure. 
The  weight  of  the  tower  itself,  that  is,  of  the  outside  shell,  resists 
it,  but  nevertheless  there  is  an  upward  effort  due  to  the  water 
pressure,  which  amounts  to  a  great  deal,  and  which  tends  to  bend 
the  bottom  plate.  Such  bending  undoubtedly  takes  place  at 
times,  especially  when  there  is  a  heavy  wind;  and  it  acts  on  the 
plate  just  as  a  lap  joint  on  the  longitudinal  seam  of  a  boiler  acts. 
A  lap  joint  on  the  longitudinal  seam  of  a  boiler  is  responsible  for 
nearly  all  boiler  explosions,  because  the  lap  joint,  being  stiff,  and 
the  shell  being  out  of  round  due  to  the  lap,  it  bends  at  the  edge  of 
the  lap,  with  changes  in  pressure,  and  finally  starts  a  crack.  A 
great  many  boikn-s  have  cracked  enough  to  let  a  little  steam 
through  anil  thus  have  given  warning.  Similarly  the  bottom 
plate  of  a  standpipe  after  bending  under  the  angle  can  very  easily 

*  Mechanical  I'-ngineer,  Boston,  Mass. 
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rupture,  and  in  many  cases  the  only  thing  which  holds  the  stand- 
pipe  down  is  the  weight  of  the  water  on  the  bottom. 

If  the  angle-iron  is  on  the  inside,  so  that  the  calking  is  on  the 
inside  and  no  water  pressure  can  get  under  the  angle-iron,  this 
source  of  rupture  cannot  exist. 

The  drawing  also  shows  that  the  tank  is  held  to  the  platform 
b}'  means  of  bolts  on  the  outside,  going  up  some  distance  on  the 
outside,  and  taking  hold  of  the  shell.  Now,  as  matter  of  fact, 
they  should  go  up  a  long  distance,  and  no  dependence  whatever 
ought  to  be  placed  on  the  weight  of  the  water  in  holding  down  the 
bottom.  The  resistance  to  the  tower's  overturning  should  come 
from  these  bolts  and  they  should  go  up  sufficiently  far  to  make 
the  outside  act  as  a  vertical  girder,  so  as  to  distribute  the  pull 
which  may  come  on  the  bolt. 

Moreover,  I  think  that  such  tanks  should  be  so  strongly  braced 
on  the  inside  that  they  become  very  stiff.  I  think  one  great 
trouble  with  standpipes  has  been  that  they  have  been  too  limber; 
the  wind  has  too  great  an  opportunity  to  bend  them  in  and  work 
them  back  and  forth.  Of  course,  where  a  tower  is  roofed  as  this 
is,  and  the  cover  is  fastened,  it  receives  therefrom  some  degree  of 
rigidity  at  the  top;  but  I  think,  as  I  have  just  said,  that  towers  of 
this  kind  should  be  made  thoroughly  rigid  throughout.  In  fact, 
it_^has  sometimes  seemed  to  me  as  if  there  ought  to  be  some  vertical 
and  circular  girders  on  the  outside  or  inside,  to  make  the  structure 
absolutely  rigid. 

Mr.  Morris  R.  Sherrerd.*  Mr.  President,  I  should  like  to 
ask  a  cjuestion,  for  my  own  information  more  than  for  anything 
else.  I  have  understood  that  some  failures  of  standpipes  have 
occurred  by  reason  of  the  mass  of  ice  that  forms  in  the  upper 
portion  acting  somewhat  as  a  piston.  As  the  water  is  drawn 
down:;  from  under  three  or  four  or  perhaps  five  feet  of  ice  in  the 
top' of  the  standpipe,  it  leaves  an  air  space,  and  then  the  action 
of  the  sun  on  the  sides  of  the  standpipe  loosens  that  plunger  and 
allows  it  to  come  down  on  the  water,  thus  creating  a  hammer  that 
would  tend  to  explode  the  pipe.  I  think  perhaps  you  New  England 
people  have  had  more  experience  in  standpipe  construction  than 
some  of  us  around  New  York  have  had,  and  I  would  like  to  ask 

*  Engineer  and  Superintendent,  Water  Department,  Newark,  N.  J. 
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whether  it  would  seem  advisable  to  have  some  construction  in  the 
upper  portion  of  the  pipe  which  will  hold  this  mass  of  ice  and 
keep  it  from  dropping?  I  have  thought  that  perhaps  it  might 
be  well  to  have  some  cross-arms  which  would  reach  down  15  or 
20  feet,  perhaps  30  feet,  from  the  top  of  the  standpipe,  to  prevent 
this  mass  of  ice  from  dropping. 

The  President.  Have  j'^ou  any  information  to  give  on  that 
subject,  Mr.  Dean? 

Mr.  Dean.  No,  I  have  not.  I  have  read  more  or  less  that  has 
been  written  about  the  effect  of  ice,  and  have  heard  the  subject 
discussed  somewhat,  but  it  never  seemed  to  me  at  all  a  satisfactory 
explanation  for  the  failure  of  a  standpipe.  We  have  all  seen,  of 
course,  statements  that  the  expansion  of  the  ice  would  cause  a 
rupture,  but  it  seems  to  me  that  the  expansion  takes  place  so  soon 
after  the  ice  begins  to  form  that  the  effect  would  be  to  crush  the 
ice  and  not  to  rupture  the  shell. 

Mr.  Lisle.  I  will  state,  Mr.  President,  that  the  conditions 
with  us  are  very  peculiar,  and  the  possible  trouble  from  ice  is  one 
of  the  things  we  are  worrying  about  as  much  as  anything  else. 
We  pump  from  a  rapidly  flowing  stream.  Last  winter  we  took  a 
lot  of  temperature  observations  during  the  cold  weather,  —  and, 
as  you  know,  it  was  very  cold  last  winter,  —  and  for  days 
at  a  time  we  got  a  temperature  in  the  river  of  27  or  28 
degrees.  Now,  when  we  pump  that  water  into  the  standpipe, 
although  it  has  to  go  through  the  ground  for  three  miles,  we  are 
a  little  bit  afraid  it  is  going  to  freeze  as  soon  as  it  gets  there.  I 
should  like  to  know  if  any  of  the  members  have  had  any  experi- 
ence as  to  what  is  the  warming  effect  on  water  of  going  through 
the  ground  for  three  miles,  —  whether  it  would  be  enough  to  raise 
the  temperature  sufficiently  to  overcome  the  danger  of  freezing. 

The  President.  I  should  Uke  to  know  if  any  member  has  had 
any  experience  in  regard  to  the  temperatures  of  water  which  will 
be  of  any  guidance  to  Mr.  Lisle.  I  have  never  been  able  to  get 
water  even  down  to  freezing  in  a  hole  cut  through  the  ice  in  a 
pond,  and  it  does  seem  as  though  Mr.  Lisle's  extraordinarily  low 
temperatures  were  something  new  and  novel.  I  have  certainly 
never  heard  of  anything  of  the  kind.  Do  you  know,  Mr.  Lisle, 
may  I  ask,  whether  the  thermometer  you  used  was  standard? 
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Mr.  Lisle.  I  do  not  know  of  my  own  knowledge,  but  some 
tests  were  made  last  winter  in  anticipation  of  trouble  from  freezing, 
and  that  report  was  made  by  Mr.  Bushnell.  I  do  not  know  the 
details  but  will  be  very  glad  to  procure  them  and  submit  them  to 
the  Association  at  some  future  time.* 

Mr.  Desmond  FitzGerald.!  A  number  of  years  ago  I  was 
making  some  experiments  at  Chestnut  Hill  Reservoir,  and  I  had 
a  16-inch  pipe  in  the  yard  filled  with  water,  in  which  was  floating 
a  copper  ball  which  nearly  fitted  the  pipe,  so  that  there  was  only 
about  half  an  inch  of  space  all  around.  The  copper  ball  was 
weighted  so  that  only  a  very  little  of  the  upper  part  of  it  was 
above  the  water,  so  that  the  angle  formed  with  the  surface  of  the 
water  was  very  acute.  During  the  night  the  weather  suddenly 
became  very  cold  and  the  water  froze  about  half  an  inch  in  depth 
around  the  copper  ball  and  burst  a  hole  through  it.  The  thrust 
took  place  on  an  angle  of  about  10  or  15  degrees.  This  result 
will  give  an  idea  of  the  power  of  ice  in  expanding,  and  developed 
the  fact  that  instead  of  rising  or  of  crushing  the  ice  that  small 
depth  of  ice  had  crushed  a  hole  through  the  heavy  ball.  You 
can  imagine  the  power  which  was  exerted. 

While  I  am  on  my  feet,  I  will  say  a  single  word  in  the  cause  of 
an  artistic  treatment  of  standpipes  and  towers,  and  all  other 
works  connected  with  municipal  water  supply.  I  think  members 
of  our  profession,  engineers  and  water- works  superintendents, 
are  too  apt  to  overlook  that  side  of  the  matter.  A  very  little 
additional  care  in  regard  to  the  proportions  of  these  water  towers, 
and  to  building  them  so  that  they  will  present  an  artistic  effect, 
will  make  all  the  difTerence  in  the  world.  I  am  not  speaking  of  the 
East  Providence  tower  particularly  and  wish  to  make  my  remarks 
general,  but  I  think  it  is  a  good  plan  for  all  of  us  who  design  such 
structures  to  keep  in  mind,  first,  the  correct  proportioning  of  the 

*  Since  the  above  statement  was  madfe,  I  have  investigated  the  tests  made  as  to  the 
temperature  of  running  water  and  find  that  although  the  thermometer  was  standard  and 
probably  approximately  correct,  the  tests  were  not  made  in  a  strictly  scientific  manner, 
i.  e.,  the  thermometer  was  immersed  in  the  river  but  was  not  read  under  water,  so  that 
although  it  was  read  as  soon  as  possible  after  being  removed  from  the  water,  the  air  tem- 
perature being  about  zero,  the  thermometer  probably  dropped  two  or  three  degrees  between 
the  time  of  being  removed  from  the  water  and  being  read. 

t  Consulting  Engineer,  Brookline,  Mass. 
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parts,  and  secondly,  an  artistic  treatment  of  the  design  so  as  to 
make  it  attractive. 

The  President.  Wouldn't  you  apprehend,  Mr.  FitzGerald, 
that  such  a  condition  of  things  as  that  spoken  of  by  Mr.  Lisle 
would  be  very  apt  to  show  itself  in  the  formation  of  anchor-ice? 

Mr.  FitzGerald.  I  don't  know  that  I  can  answ^er  your  ques- 
tion, Mr.  President,  but  I  will  say  this,  that  I  have  made  a  great 
many  observations  on  anchor-ice,  particularly  with  the  ther- 
mometer. In  regard  to  the  temperature  of  water  just  under  the 
ice  I  have  found  that  it  is  at  the  freezing  point,  or  even  at  times 
slightly  below  it,  but  that  temperature  extends  to  a  very  slight 
depth.  It  is  governed  by  the  temperature  of  the  air  above  the 
ice.  Below  that  it  is  influenced  by  the  temperature  of  the  water, 
but  directly  under  the  ice  you  will  get  the  temperature  of  freezing. 
The  effect  of  freezing  can  be  studied  by  placing  some  water  in  a 
pan  and  putting  a  thermometer  in  the  water  so  it  is  entirely 
immersed  horizontally.  If  it  is  a  very  accurate  thermometer 
with  graduations  so  wide  that  one  can  read  to  a  tenth  of  a  degree, 
it  will  be  found  that  as  the  water  gets  down  to  the  freezing  point 
it  will  suddenly  go  below  the  freezing  point  about  one  degree 
before  the  ice  begins  to  form,  and  the  instant  the  ice  begins  to 
form  as  shown  by  the  presence  of  little  crystals  of  ice,  the  ther- 
mometer goes  up  again  to  33  degrees.  The  heat  is  liberated  by 
the  action  of  freezing. 

In  regard  to  anchor-ice,  I  have  always  found  that  anchor-ice 
will  form  only  when  the  whole  mass  of  water  in  the  pond  is  cooled 
down  to  32  degrees  and  there  is  a  wind;  but  if  it  is  quiet,  and  the 
crystals  begin  to  form  at  the  surface,  we  do  not  have  any  anchor- 
ice. 

Mr.  Dean.  I  had  an  interesting  experience  some  years  ago, 
Mr.  President,  in  regard  to  the  temperature  of  water,  and  your 
asking  if  the  water  ever  got  to  the  freezing  point  reminds  me  of 
it.  I  was  testing  an  engine  at  the  Atlantic  Mills  in  Lawrence. 
The  water  came  from  the  Essex  canal  to  the  condenser,  and  as  I 
wanted  to  know  the  temperature  of  the  condensing  water  I  had 
a  hole  drilled  in  the  pipe  and  a  tube  inserted,  and  in  that  tube  I 
put  cylinder  oil  and  placed  a  bare  stem  thermometer.  After 
a  while  I  saw  that  the  thermometer  registered  just  exactly  32 
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degrees.  I  supposed  that  the  thermometer  was  not  right,  and 
I  went  and  got  another  one  made  by  cither  Green  or  Queen,  I 
have  forgotten  which,  —  the  first  was  a  Huddleston  thermometer, 
—  and  that  also  registered  32  degrees  after  a  while.  Then  I  put  in 
still  a  third,  and  that  registered  32  degrees.  It  was  a  great  sur- 
prise to  me  to  find  that  water  coming  from  the  canal  would  stand 
at  32  degrees,  but  after  three  thermometers,  made  by  different 
makers,  showed  it,  I  thought  it  must  be  so. 

Mr.  R.  S.  Weston.*  I  have  observed  the  temperature  of 
water  in  natural  rivers  as  low  as  32.3  degrees,  with  floating  ice  in 
the  stream.  Another  point  I  may  mention,  that  it  is  possible  to 
cool  water  down  to  between  30  and  31  degrees  Fahrenheit,  pro- 
vided the  water  is  kept  perfectly  quiet,  but  the  slightest  movement 
will  cause  the  ice  crystals  to  form  and  freezing  will  take  place. 
I  have  cooled  water  down  in  a  special  apparatus  and  then  slapped 
the  surface  of  the  water  and  seen  it  freeze  in  that  way. 

The  President.  My  only  reason  for  asking  about  Mr.  Lisle's 
observations  was  that  I  have  always  understood  that  water  could 
be  cooled  below  freezing  provided  it  was  kept  perfectly  quiet,  but 
that  if  there  was  any  motion  to  the  water  ice  needles  would  form 
immediately. 

Mr.  M.  F.  Collins. t  I  would  say  that  at  Lawrence  we  take 
the  temperature  of  the  water  every  day  in  connection  with  our 
filter,  and  32  degrees  is  the  lowest  we  ever  get  through  the  winter. 
After  the  water  gets  down  to  that  temperature  it  stays  at  about 
the  same  for  a  month  or  two,  but  we  never  get  it  any  lower. 

The  President.     At  what  depth  do  you  take  the  temperatures? 

Mr.  Collins.  Probably  two  or  three  inches  below  the  surface 
of  the  water.  In  passing  to  the  pumping  station  the  temperature 
of  the  water  generally  goes  up  two  or  three  degrees.  The  water  at 
the  faucets  has  an  average  temperature  of  43,  44  or  45  degrees 
throughout  the  winter. 

*  Sanitary  Expert,  Boston,  Mass. 

t  Superintendent  of  Water  Works,  Lawrence,  Mass. 
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REPAIRS  TO   THE   LINING    OF    A   SMALL   RESERVOIR 
ON  POWDER  HORN  HILL,  CHELSEA,  MASS. 

BY    CALEB     MILLS    SAVILLE,     DIVISION     ENGINEER,     METROPOLITAN 
"WATER    WORKS,    BOSTON,    MASS. 

[Read  November  9,  1904-} 

What  I  have  to  present  to  yoii  to-day  should  hardly  be  digni- 
fied by  the  name  of  a  paper;  it  is  rather  a  collection  of  notes  on 
a  small  piece  of  work  recently  carried  out  on  the  Metropolitan 
Water  Works. 

Records  of  small  undertakings  are  frequently  of  considerable 
value  because,  while  they  deal  most  often  with  matters  in  the 
line  of  maintenance,  very'  little  information  can  ordinarily  be 
found  concerning  methods  and  cost  of  such  work,  and  the  data 
from  larger  works  of  similar  character  are  usually  not  applicable. 
On  this  account  the  following  description  of  some  work  in  Chelsea 
is  presented,  not  because  of  its  difficulty,  but  because  it  is  in  hne 
with  work  that  any  water-works  man  may  expect  to  encounter, 
and  the  data  given  may  be  useful  for  purposes  of  comparison. 

In  connection  with  the  high-service  supply  of  Chelsea,  Mass., 
is  a  small  reservoir  on  Powder  Horn  Hill,  holding  about  1  000  000 
gallons  of  water  which  is  supplied  from  the  high-service  system 
of  the  Metropolitan  Water  Works. 

The  shape  of  the  reservior  is  shown  by  the  plan.  Fig.  1.  The 
top  is  178  feet  long,  over  all,  and  98  feet  wide;  the  bottom  is 
148  feet  long  and  68  feet  wide.  The  depth  is  15  feet,  and  the 
slope  of  the  sides  about  1  to  1.  It  is  built  partly  in  excavation 
and  partly  in  fill,  the  material  being  unstratified  glacial  drift 
containing  such  a  proportion  of  clay  that  it  was  excellent  for 
building  a  reservoir  bank. 

The  original  work  was  done  by  Trumbull  and  Cheney  in  1887 
for  the  city  of  Chelsea.  On  first  filling  the  reservoir  with  water 
the  leakage  was  very  considerable,  and  the  work  was  found 
especially  defective  at  the  junction  of  the  stone  and  brick  paving. 
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After    considerable    discussion    concerning    methods    of    putting 
the  reservoir  in  proper  condition,  a  coating  of  cement  mortar 
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was  finally  applied  to  the  whole  of  the  inside  slopes  and  bottom 
by  a  local  mason. 

No  further  trouble  of  serious  nature  developed  until  1899,  when 
horizontal  cracks  appeared  in  the  lining  on  the  slopes,  due  prob- 
ably to  frost  action.  This  damage  was  repaired  by  filling  the 
cracks  and  open  places  with  cement  mortar.  In  1901  the  cracks 
again  appeared  and  were  similarly  stopped.  When  these  cracks 
appeared  for  a  third  time,  in  1903-4,  it  was  realized  that  radical 
repairs  were  necessary.     (Plate  I,  Fig.  1.) 

In  connection  with  these  cracks  it  may  perhaps  be  worthy  of 
note  that  the  greatest  damage  has  always  appeared  on  the  south 
bank,  and  the  cracks  extended  only  partially  around  on  the  east 
and  west  ends,  leaving  the  lining  on  the  north  bank  intact  and 
showing  no  defects.  It  may  also  be  noted  that  at  Forbes  Hill 
reservoir,  Quincy,  the  granolithic  w^alk  on  the  south  side  has 
twice  been  badly  cracked,  while  that  portion  on  the  north  bank 
has  remained  in  good  condition.  The  reason  for  this  is  not 
perfectly  explainable,  but  the  suggestion  is  offered  that  it  may 
possibly  be  due  to  the  action  of  the  sun  in  winter  and  the  inter- 
mittent thawing  and  freezing;  while  the  north  bank  freezes  more 
solidly  and  remains  frozen  until  spring.  In  the  work  now  to  be 
described,  the  lining  on  the  south  bank  was  made  somewhat 
thicker. 

The  work  of  repairing  was  done  by  the  maintenance  force  of 
the  MetropoUtan  Water  Works  under  the  general  supervision  of 
the  engineering  department.  In  undertaking  the  work  the  first 
consideration  was  of  methods  for  economically  moving  the  ma- 
terials excavated  and  those  required  for  concrete.  The  top  of 
the  bank  was  too  narrow  to  allow  the  use  of  carts,  and  an  18-inch 
gage  railroad  was  finally  decided  upon  as  most  convenient. 
For  removing  the  excavated  material  and  depositing  the  con- 
crete, a  65-foot  boom  derrick  with  a  70-foot  mast  was  set  up, 
together  with  a  15  horse-power  double  drum  hoisting  engine  for 
working  it.  This  derrick  was  held  in  place  by  six  wire  guy 
ropes;  its  reach  was  such  that  only  one  moving  was  necessary 
after  it  was  placed. 

The  engine  and  derrick  were  set  up  on  the  floor  of  the  reser- 
voir, as  shown  in  Plate  I,  Fig.  2,  and  the  work  of  excavation 
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F]G.  1.     Cracks  in  Old  Lining. 


Fig.  2.     Plant  Employed  in  Repairing  Keservoir  Lining. 
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was  begun  at  about  the  middle  of  the  southerly  side.  In  order 
to  facilitate  the  work,  a  platform  supported  on  ''A  "  frames  was 
set  up.  These  forms  were  spaced  about  fifteen  feet  apart  and 
rested  on  the  bottom  and  slope  of  the  reservoir,  being  held  in 
place  by  bolts  driven  into  the  floor. 

The  paving  blocks  on  the  top  of  the  slope  were  removed  and 
piled  up  to  be  taken  away;  the  old  lining  and  the  material  ex- 
cavated from  the  bank  was  shoveled  into  the  scale  pan  of  the 
derrick,  hoisted  to  the  cars  on  the  top  of  the  bank,  and  then  run 
by  gravity  to  a  dump  a  short  distance  down  the  hillside.  Here 
the  cars  were  run  out  on  a  rough  trestle,  the  load  dumped,  and 
the  empty  cars  returned  to  the  work  by  a  rope  carrried  though 
pulleys  to  the  winch  head  on  the  hoisting  drum  of  the  engine. 

Two  small  portable  storehouses  were  set  up,  —  one  8  x  10  x  7 
feet,  the  other  11  x  16  x  7  feet,  —  for  the  storage  of  some  of  the 
materials,  but  the  bulky  portions,  such  as  cement,  sand,  and  stone, 
were  delivered  as  necessary,  a  few  days'  supply  only  being  kept  on 
hand.  A  branch  from  the  railroad  was  so  arranged  that  it  passed 
the  storehouses  and  stone  piles,  while  the  sand  was  piled  close 
to  the  concrete  mixing  board.  The  intention  on  the  work  was 
to  do  nothing  by  hand  that  could  possibly  be  done  by  steam, 
except  that  all  of  the  concrete  was  mixed  by  hand.  As  great  a 
proportion  of  water  was  used  as  could  be  done  without  causing 
the  material  to  sHde  w^hen  rammed  in  place. 

The  lower  layer  of  concrete  was  of  the  proportion  by  volume 
of  1  cement,  2h  sand,  and  6^  crushed  stone  (sizes  from  |  to  H 
inches).  This  was  rather  a  lean  mixture,  and  as  it  could  not  be 
rammed  enough  to  flush  all  over,  the  surface  was  finished  where 
necessary  by  a  thick  mortar  made  in  the  proportion  of  1  cement 
to  6  sand,  and  applied  with  heavy  brushes.  Before  placing  any 
of  the  concrete,  the  bank  back  of  the  old  concrete  left  in  place 
was  thoroughly  rammed  with  iron  railroad  tampers,  and  the  edge 
of  the  old  concrete  was  scrubbed  with  water  and  a  stiff  brush 
and  then  coated  with  1  to  4  grout,  which  was  allowed  to  fill  in 
the  angle  between  the  concrete  and  the  slope.  Just  before 
placing  the  concrete  the  earth  bank  was  well  wet  in  order  that 
moisture  might  not  be  drawn  from  the  concrete  while  it  was  soft. 

In  order  to  make  the  new  lining  as  water-proof  as  possible, 
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a  layer  of  asphalt  was  placed  on  top  of  the  lower  layer  of  concrete 
and  brought  up  on  the  exposed  edge  of  the  old  layer  at  the  bottom 
of  the  new  work  (Plate  II,  Fig.  1).  This,  it  was  expected, 
would  make  an  elastic  and  water-tight  joint  between  the  new 
and  the  old  work. 

Vene7Aiela  asphalt,  "  Crystal  Brand,"  was  used,  being  poured 
upon  the  top  of  the  concrete  layer  and  allowed  to  run  down  the 
slope,  care  being  taken  that  the  concrete  was  entirely  and  per- 
fectly covered.  After  the  first  layer  of  asphalt  was  cool,  a  second 
layer  was  similarly  applied,  and  the  resulting  sheet  was  about 
^  inch  thick.  Any  inclination  to  crawl  down  the  slope  when 
exposed  to  the  sun  was  readily  stopped  by  throwing  on  a  pail- 
full  of  cold  water.  A  most  particular  part  of  this  work  was  to 
get  the  asphalt  as  hot  and  liquid  as  possible  and  yet  not  burn  it. 

All  of  the  concrete  was  protected  from  the  sun  and  kept  damp 
by  being  covered  with  strips  of  burlap,  which  were  moistened 
by  sprinkling. 

The  upper  layer  of  concrete  was  composed  of  a  much  richer 
mixture  of  concrete  than  that  used  in  the  bottom  layer,  the  pro- 
portions b}^  volume  being  1  cement,  1\  sand,  Ij  stone  dust,  and 
4  broken  stone  (of  the  sizes  mentioned  above). 

On  account  of  the  steep  slope  it  was  possible  to  do  only  a  little 
ramming,  and  the  material  was  laid  as  wet  as  possible.  To  make 
this  layer  more  impervious  and  also  to  obtain  a  smooth  surface, 
the  concrete  was  left  about  an  inch  below  and  a  finish  coat  applied 
by  expert  granolithic  finishers.  This  coating  was  applied  as  soon 
as  it  was  possible  to  do  so  after  the  main  layer  was  in  place,  but 
on  account  of  the  steepness  and  the  liability  of  the  wet  concrete 
to  flow,  care  had  to  be  taken  not  to  begin  work  too  soon.  This 
was  one  of  the  most  important  parts  of  the  work,  on  the  one  hand 
to  apply  the  finish  as  soon  as  possible  and  make  a  perfect  bond 
by  working  it  into  the  moist  concrete,  and  on  the  other  hand, 
not  to  work  on  the  layer  soon  enough  to  cause  it  to  run,  when  it 
would  perhaps  have  to  be  later  taken  out  and  replaced.  (Plate 
II,  Fig.  2,  and  I'late  III,  Fig.  1.) 

The  top  finishing  coat  was  made  in  the  proportion  of  1  part 
cement.  If  parts  sand,  and  3^  parts  stone  dust.  In  order  to  help 
in  bonding,   the  last  ramming  on  the  concrete  was  done  with 
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Fig.  1.     Coating  Lower  Layer  op  Concrete  with  Asphalt. 
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Fig.  2.     Laying  Upper  Layer  of  Concrete. 


Plate  III. 


Fig.    1.      Laying  axd  Surfacing  Tapper  Layer  of  Concrete. 


Fig.  2.      Reservoir  Lining  Completed. 
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rammers  studded  with  pieces  of  iron  about  one  inch  long  and  one- 
half  inch  deep.  The  finishing  was  done  in  three  operations; 
first,  the  material  was  spread  on  the  concrete  and  thoroughly 
worked  into  it  by  the  finishers,  using  rough  wooden  floats;  after 
this  it  was  gone  over  and  partially  smoothed  down  with  a  thin 
steel  float;  and  finally  it  was  worked  to  give  the  finished  appear- 
ance and  an  impervious  surface. 

The  under  layer  of  concrete  was  placed  in  a  continuous  sheet; 
the  upper  layer  was  put  down  in  alternate  strips,  10  feet  long 
(the  whole  length  of  the  layer)  and  5  feet  wide.  These  blocks 
were  built  up  in  forms,  as  shown  in  Plate  II,  Fig.  1,  which  were 
not  removed  until  the  concrete  had  set.  Finally,  the  back  or 
edge  of  the  block  toward  the  bank  was  well  wet  and  thoroughly 
plastered,  to  prevent  as  far  as  possible  the  infiltration  of  any 
water  which  might  freeze  and  thus  cause  damage  to  the  concrete. 
The  plaster  was  proportioned  1  part  cement  to  4  parts  sand. 
When  the  forms  were  wholly  removed,  the  space  between  the 
concrete  and  the  bank  was  refilled  to  within  about  six  inches  of 
the  top,  with  the  clayey  material  previously  excavated  and  this 
space  was  filled  and  graded  to  the  top  of  the  bank  with  loam. 

On  work  of  this  kind  it  appears  that  one  of  the  principal  items 
of  cost  is  in  the  plant,  its  installation  and  removal.  While  this 
might  probably  be  expected,  this  item  is,  nevertheless,  a  larger 
proportion  of  the  cost  than  one  who  was  not  familiar  with  such 
work  might  look  for. 

The  cost  of  labor  and  materials  can  be  closely  estimated,  but 
the  cost  of  plant  can  only  be  judged  accurately  by  those  familiar 
with  its  use. 

The  following  detailed  statement  of  the  cost  of  this  work  is 
given,  not  as  record-breaking,  but  as  the  actual  expense  under 
ordinary  conditions. 

Two  holidays  intervened,  and  the  men  were  transported  to 
and  from  work.  While  it  may  be  said  that  these  items  would 
not  wholly  appear  in  contract  work,  it  may  also  be  noted  that 
the  men  employed  were  of  a  higher  order  of  intelligence  than 
ordinary  labor,  and  that  the  increased  cost  from  these  items  was 
perhaps  balanced  by  more  efficient  work  at  less  cost  for  super- 
vision. 
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TABLE  No.  1.  — Cost  of  Repairs 


Class 


Rate 


Excavation 


Days         Cost 


LOWEK 
CONCKETE 


Days         Cost 


Uppek  Concrete 


Days 


Cost 


Back  Plaster 


Days 


Cost 


LABOR 

Foreman  .  . . 
Sub-foreman 
Engineer  .  .  . 
Carpenter  .  .  . 
Plasterer  .  .  .  . 
Plasterer  .  .  . 
Plasterer  .  .  . 
Asphalt  man 
Watchman  .  . 
Laborers  . .  . 
Laborers  .  . . 
Laborers  .  . . 
D.  Team  .  . . 
S.  Team 
S;  Team  .  .  . 
Teaming  .  .  .  . 
Car  fares  .  .  .  . 


$4  00 
3  00 

3  00 
2  67 

5  40 

6  00 

4  50 
2  00 
2  00 
2  25 
2  00 
175 

5  00 

2  00 

3  50 


m 


noi 

461 


$38  22 


37  00 
5  33 


21  75 

220  44 

81  48 


89 
4 


$15  11 


7  00 
18  67 


6  00 
178  00 

7  00 


1| 
1191 


$27  11 


5  67 
49  4cS 


4  00 
239  11 


3f 


$21  00 

5  33 

25  00 


2100 
67 


Sum 


$404  22 


$231  78 


$325  37 


$73  00 


PLANT          iRate 
Asphalt  kettle  .  .   SI  50 
Derrick  &  engine  i    3  75 
Rails  and.  cars  .  .     0  40 

12^,           $46  25 
11||               4  49 

23 
21 

$7  75 
89 

11               $6  33 
8i                 3  33 

Sum    

$50  74 

$8  64 

$9  66 

MATERIALS 

Rate 

Q'nt'y 

Q'nt'y 

Q'nt'y 

Q'nt'y 

Cement,  bbl.   . 

.  $1  35 

1061 

$143  61 

176i 

$238  27 

6 

$8  10 

Sand,  cu.  yd.  . 

.     1  10 

37  44 

41  18 

30  22 

33  24 

3  30 

3  63 

Stone  dust,  ton 

^      1  50 

4161 

62  42 

Br'k'n  st'ne,  toi 

1      1  35 

117  88 

159  14 

122  76 

165  73 

Loam,  cu.  yd. 

.     125 

Stove  coal,  tons 

.1  6  50 

3  05 

$19  83 

Egg  coal,  tons 

.|   6  25 

95 

6  00 

40 

2  50 

20 

125 

Lumber,  M  ft. 

.  21  00 

1  30 

27  30 

4  00 

84  00 

Asphalt,  tons  . 

.  30  00 

Kerosene,  gal. 

.     0  11 

Oil,  gal 

.0  25 

Burlap,  yds.. . 

.    0  04J 

300 

13  50 

Spikes,  lbs. .  . . 
Nails,  lbs 

.     0  05 

170 

4  50 

Asphalt  mops. 

Sum    

1 

$25  83 

$373  73 

$602  91 

$11  73 

1 

Total    1 

$480  79 

$614  15 

. 

$937  94 

$84  73 

Estimated     pro- 
portion, cost  of 
plant     Installa- 
tion &  holidays 

70  3% 

$650  84 

12% 

$111  10 

15  4% 

$142  57 

Total  cost 

Total  quantities 

Cost  per  unit  ... 

$1  131  63 
300  cu.  yd. 

$3  77 

$725  35 
95  5  cu.  yd. 

$7  59 

$1  080  51 
129  2  cu.  yd. 

$8  37 

$84  73 
262sq.  yd. 

$0  32 
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TO  Lining  of  Chelsea  Reservoir. 


Surfacing 

Asphalt 

Back  Fill 

Installing 
Plant 

Transpor- 
tation AND 
Holidays 

Summary 
Labor  and 
Materials 

Days 

Cost 

Days 

Cost 

Days 

Cost 

Days   Cost 

D'ys 

Cost 

Cost 

12f 
2| 

84140 
12  67 
42  50 

28  00 
4  89 

11 
6 

$0  44 

22  00 
12  00 

233 
9 

.$5  33 

46  67 
15  75 

15?i 
l" 
8| 
3 

42 

17;^ 
1491 

lOJ 
6 
1 

$61  78 

3  00 

25  33 

8  00 

84  00 

38  36 

299  78 

52  50 
12  00 

3  50 

53  00 

1 

1 

1 

1 
23 

$4  00 

3  00 
2  67 

2  25 
46  00 

147  30 

$151  99 

3  00 

78  00 

84  15 

62  40 

18  00 

67  50 

22  00 

84  00 

121  36 

1  047  56 

104  23 

52  50 

12  00 

3  50 

.53  00 

147  30 

$129  46 

$34  44 

$67  75 

$641  25 

$205  22 

$2  112  49 

11 

$16  50 

2| 

$107 

Hi 

8§ 

$42  92 
3  29 

1 
2 

$3  75 
80 

$16  50 

107  00 

13  87 

1 

$16  50 

1     $107 

1  $46  21 

1   $4  55 

$137  37 

Q'nt'y 

Q'nt'y 

Q'nt'y 

Q'nt'y 

22i 

$30  04 

$420  02 

5  07 

5  58 

83  63 

13  97 

20  96 

3.9 

$117  00 
3  00 

271 

$34  45 

7  05 

06 

30 
4 

220 

$9  52 

3  75 

3  30 
100 

1100 

83  38 

334  39 

34  45 

19  83 

13  50 

111  30 

117  00 

3  30 
100 

13  50 
•   1100 

4  50 
3  00 

$56  58 

1    $120  00 

$34  45 

1  $28  57 

$1  253  80 

$186  04 

8170  94 

8103  27 

8716  03 

1  8209  77 

$3  503  66 

2.3% 

21  29 

$186  04 
460  sq.  yd. 

$0  40 

$170  94 
464  sq.  yd. 

$0  37 

$124  56 
75  cu.  yd. 

$166 

$3  503  66 
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TABLE    No.   2. 
Repairing  Lining  of  Chelse.\    Resehvoii{.  —  Unit  Co.sts  (per  cu.  yd.). 
Concrete,  lower  layer — Mixture  1-2^-62- 
95.5  eu.  yds. 
Atlas  cement,  1.11  bbl.  @  $1.35,  $1.50 

Sand,  0.39  cu.  yd.  @  $1.10,  .43 

Broken  stone,  1.23  tons  @,$1.35,  1.66 

Lumber  for  forms,  .014  M  ft.  @  $21.00,  .29 

Miscellaneous  expenses,  plant,  coal,  etc.,  1.28 

Labor: 

Mixing  and  placing,  $2.09 

Carpenter  work  on  forms,  .34  2.43 

Cost  per  cubic  yard  in  place,  $7.59 

Cement : 

1  bbl.  cement  per  0.89  cu.  yd.  concrete. 

1  cu.  yd.  concrete  per  1.11  bbl.  cement. 
Sand : 

1  cu.  3-d.  sand   per  2.55  cu.  yds.  concrete. 

1  load  (40  cu.  ft.)  per  3.77  cu.  j^ds.  concrete. 

1  cu.  yd.  concrete  per  0.39  cu.  yd.  sand. 

1  cu.  yd.  concrete  per  0.26  load  sand. 
Broken  stone: 

1  ton  stone  per  0.81  cu.  yd.  concrete. 

1  cu  yd.  stone  per  1.03  cu.  yds.  concrete. 

1  cu.  yd.  concrete  per  0.97  cu.  yd.  stone. 

1  cu.  yd.  concrete  per  1.23  tons  stone. 
1  cu.  ft.  dust  weighs  103  lbs. 
1  cu.  ft.  stone  (f"  to  1^')  weighs  94  fts. 
1  cu.  yd.  dust  weighs  1.39  tons. 
1  cu.  yd.  stone  weighs  1.269  tons. 
1  ton  stone  occupies  0.788  cu.  yd. 
1  ton  dust  occupies  0.720  cu.  yd. 

Concrete,  upper  layer  —  1:1^:1^:4. 
129.2  cu.  yds. 
Atlas  cemoiit,  1.37  bbl.  @  $1.35,  $1.85 

Sand,  .24  cu.  yd.  @  $1.10,  .26 

Dust,  .32  ton  @  $1.50,  .48 

Broken  stone,  .96lton  @  $1.35,  1.30 

Lumber,  .031iM  ft.  @  $21.00,  .65 

Miscellaneous  expenses,  plant,  etc.,  1.32 

Labor: 

Mixing  and  placing,  $1.85 

Carpenter  work  on  forms,  .66  2.51 

$8.37 
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Cement: 

1  1)1)1.  ceiiient  per  0.74  cu.  yd.  concrete. 
1  cu.  yd.  concrete  per  l..'^7  1)1)1.  cement. 


Sand : 


Dust: 


1  cu.  yd.  sand  per  4.28  cu.  yds.  concrete. 

1  load  sand  (40  cu.  ft.)  per  6.34  cu.  yds.  concrete. 

1  cu.  yd.  concrete  per  0.23  cu.  yd.  sand. 

1  cu.  yd.  concrete  per  0.16  load  sand. 


1  ton  dust  per  3.10  cu.  yds.  concrete. 
1  cu.  yd.  dust  per  3.94  cu.  yds.  concrete. 
1  cu.  yd.  concrete  per  0.25  cu.  yd.  dust. 
1  cu.  yd.  concrete  per  0.32  ton  dust. 
Stone : 

1  ton  stone  per  1.05  cu.  yds.  concrete. 
1  cu.  yd.  stone  per  1.34  cu.  yds.  concrete. 
1  cu.  yd.  concrete  per  0.75  cu.  yd.  stone. 
1  cu.  yd.  concrete  per  0.95  ton  stone. 
Voids  in  stone: 

Oil  barrel  filled  with  stone.     Weight  of  barrel  deducted. 

Barrel  of  stone,  742  fts. 

Barrel  of  water,  510  lbs. 

Barrel  of  stone  and  water,  942  lbs. 

942—742 
Per  cent,  voids,  cTTj =  0.39. 

The  following  approximate  labor  costs  are  given: 

Transporting,  erecting,  and  removing  derrick    $260.85 

Equivalent  time  —  foreman,  6  days;    engineer,  4  days;  la- 
borer, 85  days. 

Transporting,  laying,  and  removing  track    125.03 

Equivalent  time  —  foreman,  4  days;   laborer,  40  days. 

Caring  for  dump  and  disposing  of  surplus  by  rough  grading  ....  70.28 

Equivalent  time  —  foreman,  1  day ;  laborer,  33  days. 

As  Stated  above,  the  work  was  planned  and  carried  out  under 
the  general  supervision  of  the  Engineering  DeiDartment  of  the 
Metropolitan  Water  Works,  of  which  Mr.  Frederic  P.  Stearns  is 
chief  engineer,  and  Mr.  Dexter  Brackett  engineer  of  the  Distri- 
bution and  Sudbury  departments. 
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SUPERHEATED   STEAM  IX  PUMPING  EXGINES. 

BY    E.    H.    FOSTER,    M.  E.,    NEW    YORK    CITY. 
[Read  September  15,  J904-] 

]Miich  has  recently  been  said  and  done  about  superheating 
steam  as  a  preparation  for  its  more  efficient  utilization  in  driving 
various  forms  of  steam  engines. 

As  has  been  frequently  remarked,  this  feature  of  modern 
engineering  is  rather  the  result  of  reviving  an  old  art  than  the 
introduction  of  a  new  principle.  Engineers  of  two  or  three  gen- 
erations ago  were  fully  aware  of  the  advantages  to  be  derived 
by  superheating  steam,  but  in  their  efforts  to  obtain  these  ad- 
vantages in  practice  they  encountered  certain  obstacles  which 
have  since  been  attributed  to  the  primitively  crude  condition 
of  the  steam  engine  and  to  the  lack  of  such  proper  facilities  as 
are  in  common  use  to-day,  such  as  mineral  oil  for  lubrication, 
improved  stuffing-box  packing  and  steam-pipe  gaskets. 

A  most  natural  c^uestion  would  be:  If  superheating  has  been 
found  so  useful,  why  is  it  that  we  only  now  approach  the  subject 
very  much  as  if  it  were  a  novelty?  We  have  indulged  in  the 
foregoing  remarks  for  the  purpose  of  providing  an  answer  to  this 
question. 

The  scantiness  of  opportunities  for  installing  superheaters 
naturally  hindered  designers  and  builders  from  bringing  the 
appai'atus  to  a  high  state  of  development.  It  is  only  by  repeated 
execution  that  even  the  most  obvious  improvements  ma}^  be 
devised,  and  it  may  be  said  that  in  this  country  at  least  the  super- 
heater was  waiting  on  the  steam  engine  and  the  steam  engine 
was  waiting  on  the  superheater,  without  their  being  used  together 
until  the  advent  of  the  steam  turbine  as  a  commercial  machine, 
which  certainly  must  be  recognized  as  presenting  a  great  oppor- 
tunity for  the  development  of  the  superheater. 

With  the  steam  turbine  there  seems  to  be  no  doubt  that  it  is 
highly  important  to  have  the  steam  superheated,  and  provision 
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has  been  made  for  this  in  all  the  important  plants  ^\■hich  have 
been  and  are  now  being  installed.  This  competition  has  natu- 
rally spurred  our  engine  builders  to  the  point  of  asking  why 
their  engines  are  not  as  suited  to  superheated  steam  as  is  the 
steam  turbine. 

In  looking  about  for  experience  it  has  been  found  necessary 
to  go  to  Europe  for  the  greatest  number  of  practical  examples. 
The  inducement  of  more  expensive  fuel  has  probably  had  much 
to  do  with  European  progress  in  this  direction. 

While  it  has  not  been  found  possible  to  transplant  to  this  coun- 
try European  practice  in  toto,  we  have  undoubtedly  been  consid- 
erably aided  by  studying  these  methods.  It  was  in  the  study  of 
this  question  in  Europe  that  our  attention  was  first  called  to  the 
adaptability  of  the  superheater  to  water-works  engines,  and  this 
is  the  point  which  we  wish  to  emphasize  more  particularly  in 
this  paper. 

No  form  of  steam  ])lant  could  be  better  adapted  to  the  use  of 
superheated  steam,  and  in  no  more  simple  way  can  pumping- 
engine  duties  be  surely  improved. 

An  interesting  work  on  water  supply  published  by  the  Indian 
government  is  the  "  Roorkee  Treatise  on  Civil  Engineering/' 
Vol.  II,  Section  xii,  1902  edition.  M.  D.  W.  Aikman,  the  au- 
thor, remarks  in  describing  superheaters: 

"  The  advantage  of  superheating  steam  before  utilizing  it  in 
the  engine  is  to  increase  the  efficiency  of  the  engine  from  8  to  12 
per  cent.  Superheating  is  effected  by  conveying  the  steam  from 
the  boiler  or  steam  drum  through  the  furnace  before  sending  it 
on  to  the  engine.  The  cast-iron  pipe  conveying  the  steam  through 
the  furnace  is  made  U-shaped,  so  as  to  give  the  steam  a  long 
distance  to  travel  in  the  furnace.  This  pipe  has  circular  lugs 
cast  round  it  (close  together)  outside,  and  longitudinal  lugs 
inside,  so  that  the  radiation  of  heat  from  the  furnace  to  the  steam 
may  be  as  much  as  possible.  By  superheating  steam  its  volume 
is  increased  whilst  its  pressure  remains  unchanged.  Also  the 
many  particles  of  water  carried  from  the  spray  of  the  boilers  are 
converted  into  steam.  If  these  particles  of  water  are  not  con- 
verted into  steam,  they  not  only  do  no  useful  work,  but  they 
cause  considerable  annoyance  in  the  working  of  a  steam  engine 
by  what  is  technically  called  '  priming.'  " 

These  words  are  amply  corroborated  by  a  number  of  tests 
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which  have  been  made  on  various  forms  of  pumping  engines, 
among  which  may  be  mentioned  the  triple-expansion  Sulzer 
engine  at  St.  Galles,  Switzeriand,  the  triple-expansion  Worth- 
ington  engines  at  T.ondon  and  St.  Albans,  and  the  veriical  triple- 
expansion  crank  and  fly-wheel  engine  at  Grand  Junction  Water 
Works,  England,  and  the  twenty  Worthington  horizontal  triple- 
expansion  high-duty  pumping  engines  on  the  great  Coolgardie 
pipe  line.  Western  Australia.  Sufficient  data  have  already  been 
obtained  in  this  country  to  corroborate  the  figures  obtained  in 
Europe,  and  tests  have  been  made  at  the  water  works  at 
Norfolk,  ^'a.,  Brooklyn,  N.  Y.,  at  two  main  pumping  stations  in 
Chicago,  111.,  and  at  the  two  high-service  stations  in  New  York, 
on  engines  of  various  sizes  and  conditions  of  service.  In  all 
cases  it  appears  that  superheated  steam  was  attended  not  only 
by  the  desired  steam  and  fuel  economy,  but  by  most  satisfac- 
tory results  in  the  handling  and  operation  of  the  machines. 

Further  data  will  be  forthcoming  before  very  long,  as  the 
Allis-Chalmers  Company  are  installing  superheaters  in  connection 
with  the  three  25  000  000  gallon  vertical  triples  they  are  erecting 
at  the  North  Side  Station  in  Chicago.  R.  D.  Wood  &  Co.  are 
also  putting  in  two  separately  fired  superheaters  to  serve  the  four 
30  000  000  gallon  triple-expansion  crank  and  fly-wheel  engines 
which  they  are  installing  at  the  new  low-service  pumping  station 
in  Cincinnati.  When  this  paper  was  undertaken,  it  was  hoped 
that  some  of  the  figures  which  would  naturally  be  forthcoming 
from  the  tests  of  these  plants  would  be  available  by  this  time. 

Data  with  reference  to  such  tests  as  have  been  made  in  this 
country  may  readily  be  obtained  by  those  interested. 

A  most  elaborate  test  was  made  on  each  of  the  six  20  000  000 
gallon  vertical  triples  at  Chicago  by  a  board  of  experts,  and  the 
results  published  in  Engineering  News,  May  6  of  this  year. 

Althougli  there  is  considerable  variation  in  the  duties  given 
by  different  engines  of  the  same  size,  it  has  been  established 
that  the  remarkable  showing  made  by  these  engines  is  due  en- 
tirely to  superheated  steam,  and  that  the  amount  of  superheat 
bears  directly  on  the  duty. 

The  writer  contributed  to  the  American  Society  of  Mechanical 
Engineers  in  1899  some  figures  obtained  in  a  series  of  very  care- 
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ful  tests  of  a  low-duty  triple-expansion  Worthington  engine  of 
100  horse-power  on  intermittent  service. 

Last  winter  a  series  of  tests  was  run  at  the  New  York  City 
water  works,  and  made  the  object  of  a  thesis  by  Messrs.  H.  S. 
Brown  and  J.  F.  Muller,  students  at  Cornell  University.  These 
tests  were  very  carefully  supervised  by  Professor  Carpenter,  and 
some  very  interesting  results  were  obtained. 

We  extract  the  following: 


Conditions. 


Duty  per 

1  000  lbs. 

steam. 


Saturated  steam 

Steam  superheated  47.3  degrees. 
Steam  superheated  80  degrees  .  . 


All  cylinders  jacketed 

All  cylinders  jacketed 

L.  P.  cylinders  only  jacketed 


138  mill. 
151  mUl. 
155  mill. 


But  possibly  the  most  interesting  and  practical  of  all  tests  is 
one  made  by  the  city  of  Brooklyn  during  the  early  part  of  this 
year  in  connection  with  the  pumping  station  at  Spring  Creek, 
which  is  one  of  the  points  where  ground  water  is  delivered  into 
the  conduit.  This  station  is  an  old  one,  having  been  in  use  for 
ten  or  tw^elve  years,  and  is  equipped  with  two  Knowles  compound, 
condensing,  direct-acting  duplex  pumps,  size  6^  and  IH  X  16 
X  24,  and  one  Davidson  triple  direct-acting  condensing  pump, 
size  18  and  24  X  24  X  24  inches.  Each  pump  is  eciuipped  with  an 
independent  jet  condenser,  the  exhaust  steam  of  which  is  used 
to  heat  the  feed  water.  The  boilers  are  of  the  horizontal 
return  tubular  type,  60  inches  in  diameter  by  15  feet  long, 
with  76  3-inch  tubes  or  915  square  feet  of  heating  surface  and 
25  square  feet  of  grate  surface.  White-ash  anthracite  coal  in 
large  size  is  burned  with  natural  draught. 

Tnis  test  was  made  by  equipping  one  boiler  with  a  superheater 
and  running  a  series  of  alternate  tests  with  each  boiler  independ- 
ently. It  was  desired  to  know  just  how  much  fuel  could  be  saved 
in  a  station  of  this  character  under  its  regular  working  conditions. 
The  results  were  most  satisfactory. 

The  first  tests  were  made  by  the  contractors  with  the  city 
engineer,  of  twenty-four  hours  each,  both  with  saturated  and 
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superheated  steam.  The  results  were  a  saving  in  coal  per 
foot-pound  of  work  done  of  20.2  per  cent.,  and  saving  in  feed 
water  of  23.2  per  cent.  The  average  temperature  of  steam  on 
leaving  the  superheater  was  527°,  corresponding  to  a  superheat  of 
207°,  since  the  steam  pressure  was  only  80  pounds  per  square  inch. 

These  tests  were  most  conclusive,  but  the  supervising  engineer 
thought  to  convince  himself  still  further  as  to  the  value  of  the  de- 
vice and  made  a  five-day  test  under  average  working  conditions 
with  superheated  steam,  following  this  by  a  five-day  test  under 
similar  conditions  with  saturated  steam.  He  reported  a  saving 
somewhat  in  excess  of  those  obtained  on  the  official  test. 

The  plant  offered  such  inducements  for  scientific  investigation 
that  three  students  from  the  Stevens  Institute  selected  this  as 
a  subject  for  their  joint  thesis,  and  a  series  of  tests  were  made 
under  the  direction  of  Professor  Jacobus  and  Professor  Pryor. 
The  results  obtained  on  these  tests  showed  a  remarkable  saving, 
due  to  the  introduction  of  superheated  steam,  as  follows: 


Duty  per  100  lbs.  coal  ai^  fired 

Duty  per  100  0000  B.  T.  U.'s  supplied 
to  pumps 

Total  ft.  lbs.  of  woriv  per  pound  of  coal  as 
fired 

Total  ft.  lbs.  of  work  per  pound  of  com- 
bustible  


Snturated 
Steam. 


19  888  784 

23  503  690 

421  344 

519  984 


Superheated 

Steam. 


24  532  704 

27  864  280 

508  808 

640  944 


Increase 
Percent. 


17.4 
18.5 
18.1 
23.0 


There  seems  to  be  no  doubt  about  the  perfect  demonstration 
of  the  great  value  of  this  device  in  this  instance,  and  it  is  of  espe- 
cial interest  to  know  that  no  change  whatever  in  the  character 
of  the  oil  or  packing,  or  steam  pipe  gaskets,  or  any  other  features 
of  the  plant  were  made;  but  it  was  kept  in  the  same  condition 
as  it  had  been  running  for  several  years. 

A  recent  inquiry  as  to  the  conditions  at  the  station  reveals  the 
fact  that  the  good  results  are  continuing.  It  also  develops  that 
when  cleaning  the  superheating  boiler  it  is  necessary  to  run  the 
plant  with  saturated  steam,  but  that  the  steam  is  changed  from 
saturated  to  superheated,  and  vice  versa,  with  impunity,  and  no 
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objectionable  results.  It  is  planned  by  the  chief  engineer  to 
attach  a  superheater  to  the  other  boiler  at  this  station  as  soon  as 
possible. 

The  advantages  of  superheating  may  be. classified  under  three 
heads : 

First.  A  reduction  in  initial  cost  of  the  plant  if  designed  for 
superheated  steam,  or  an  enlargement  of  the  power  of  an  exist- 
ing plant. 

This  reduction  consists  in  the  employment  of  a  more  simple 
form  of  steam  engine  to  do  a  given  amount  of  work  and  give  a 
specified  duty,  and  the  simplification  is  in  the  omission  of  such 
devices  as  are  rendered  superfluous  by  the  use  of  superheated 
steam,  such  as  steam  jackets  and  separators.  Another  example 
of  the  simpHfication  thus  rendered  possible  would  be  the  use  of 
a  compound  engine  in  place  of  a  triple  or  of  a  simple  in  place  of 
a  compound,  the  superheater  supplying  the  economy  which  is 
otherwise  effected  by  multiplicity  of  cylinders. 

The  increase  in  power  by  introducing  superheat  is  chiefly  recog- 
nized in  the  greater  capacity  given  the  boilers;  for  instance,  it 
is  frequently  found  in  practice  that  by  the  introduction  of  super- 
heaters in  a  plant  requiring  foiu'  or  five  boilers  to  operate,  at  least 
one  of  these  units  is  put  in  reserve;  thus  in  considering  the  ex- 
tension of  boiler  capacity,  there  will  always  be  the  alternative 
of  installing  superheaters. 

Superheating  also  materially  affects  the  question  of  steam- 
pipe  sizes.  For  many  unfounded  reasons  it  has  been  the  custom 
in  this  country  to  gradually  increase  the  size  of  steam  pipes, 
until  in  some  instances  they  are  of  really  ridiculous  proportions. 
The  development  should  have  been  in  the  other  direction.  As 
steam  pressures  and  revolutions  per  minute  are  increased,  it  is 
unnecessary  to  use  such  large  pipes,  and  many  peculiarities  of 
our  steam  indicator  diagrams  which  have  been  laid  to  too  small 
a  steam  pipe  have  been  proved  to  arise  from  other  causes.  Tend- 
ency to  higher  velocities  in  steam  mains,  which  means  the  use 
of  smaller  pipes,  is  undoubtedly  very  marked,  and  this  tendency 
is  considerably  aided  by  superheating,  as  a  lighter  gas  will  travel 
in  the  main  with  higher  velocity  without  the  same  loss  of  pres- 
sure due  to  friction. 
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Second.  Tlic  increaso  of  engine  duty  duo  to  the  elimination 
of  cylinder  condensation  and  the  greater  efficiency  of  the  steam 
when  superheated.  As  a  result  of  comparing  efficiency  tests 
and  the  conditions  under  which  they  were  made,  we  have  prepared 
a  brief  table  of  the  saving  which  might  reasonably  be  expected 
from  the  use  of  superheated  steam  in  various  tyj)es  of  engines  as 
distinguished  by  the  duties  which  they  perform  in  foot  pounds 
per  million  heat  units. 

Duty  of  Pumping  Engine.         Saving  by  100°  Superheat. 

1.50  0(){)  000 6% 

100  000  000 10% 

.'iO  000  000 20% 

10  000  000 40% 

Third.  The  general  improvement  in  the  conditions  of  start- 
ing and  operating  the  engine.  This  is  a  point  which  cannot  be 
so  easily  measured  in  dollars  and  cents,  but  one  wiiich  is  of  great 
importance  nevertheless. 

With  superheated  steam  in  the  engine  it  responds  more  quickly 
to  the  action  of  the  governor  and  cut-offs;  it  is  a  machine  which 
is  more  easily  controlled  because  of  the  lack  of  water  in  the  cylin- 
ders and  steam  pipes;  it  is  easier  to  keep  clean  externally,  while 
the  internal  parts  are  well  preserved,  and  piston  lubrication  is 
rendered  more  efficient  owing  to  the  lack  of  water  in  the  cylinders. 

We  want  superheated  steam  on  this  account  just  as  we  want 
our  engine  rooms  and  our  attendants  kept  neat  and  clean,  and 
just  as  we  want  a  fine  brick  or  stone  building  for  an  engine  house 
and  well-kept  grounds,  instead  of  a  ramshackle  wooden  shanty 
surrounded  by  rough  grounds,  such,  for  instance,  as  would  be 
found  at  an  oil-well  pum])ing  station. 

We  heard  an  erecting  man  of  one  of  our  largest  engine-building 
concerns  recently  commenting  on  his  first  experience  in  starting 
up  an  engine  with  superheated  steam.  He  said  that  he  had 
never  had  so  little  trouble  with  a  new  engine,  and  whatever 
the  advantages  of  fuel  consumption  might  be,  he  was  convinced 
that  superheated  steam  was  good  for  the  engine  from  the  opera- 
tor's point  of  view. 

Pumping  engines  which  arc  called  upon  to  assume  suddenly 
increased  loads  are  greatly  benefited  by  superheating  the  steam. 
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as  they  are  thus  enabled  to  respond  more  quickly  and  more  fully 
to  the  demand  for  extra  work. 

The  same  effect  from  su})erheatinf^  has  been  observed  in  elec- 
tric power  stations  when  a  peak  occurs  in  the  load,  and  more 
particularly  in  locomotives,  where  careful  tests  have  demon- 
strated that  those  equipped  with  su})erheaters  lose  much  less 
time  in  getting  under  way  from  stations,  and  take  the  exces- 
sive grades  more  easily. 

The  means  for  obtaining  superheated  steam  must  depend 
largely  upon  the  conditions  at  hand. 

An  ideal  arrangement  would  be  to  have  a  separately  fired 
superheater  in  which  the  superheat  can  be  regulated  carefully  to 
suit  the  requirements  of  the  conditions.     (Fig.  1.) 


Fig.  1.     Arraxgemext  of  Foster    Superheater   with    Separate    Fur- 
nace, Set  between  Two  Batteries  op  Boilers,  Showing  Minimum 
Surface  Exposed  for  Radiation  and  Direct  Pipe  Connections. 

The  principal  objections  to  the  separately  fired  arrangement 
are  the  possible  complication  in  steam  piping,  or  the  loss  of  heat 
due  to  radiation.  As  to  the  former,  it  may  be  said  that  the 
objections  are  really  verj-  slight,  as  it  has  been  found  that  with 
a  little  care  a  simple  and  efficient  system  of  piping  may  be  worked 
out,  which  will  answer  all  the  requirements  as  to  safety  and  con- 
venience, whereas  the  external  radiation  from  the  superheater 
setting  is  overcome  by  placing  the  superheater  between  or  close 
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up  to  the  setting  of  the  boilers.  A  very  good  arrangement  for 
a  separately  fired  apparatus  is  to  assume,  for  instance,  a  battery 
of  four  boilers,  one  of  which  is  in  reserve,  and  install  a  superheater 
large  enough  to  superheat  the  steam  from  three  of  the  boilers, 
and  place  the  superheater  in  between  the  two  batteries.  This 
arrangement  makes  very  simple  piping  and  utilizes  the  space  to 
the  best  advantage.  It  is  possible  to  arrange  a  superheater  in 
this  location  without  interfering  with  the  openings  for  blowing 


P'iG.  2.     Foster  Supekheater  Combined  with  B.  &-  W.   Boiler. 

the  boiler  tubes.  The  convenience  of  placing  superheaters  in 
such  a  position  as  to  utilize  part  of  the  heat  of  the  boiler  gases 
has  led  to  the  development  of  what  may  now  be  considered  as 
well-known  standard  arrangements,  which  are  illustrated  by 
the  accompanying  figures. 

For  instance,  for  a  horizontal  water  tubular  boiler  with  in- 
clined water  tubes  and  a  horizontal  drum,  Fig.  2,  a  most  convenient 
point  for  locating  the  superheater  has  been  found  just  under  the 
drum  and  above  the  tubes,  the  steam  being  drawn  from  the  drv 
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pipe  in  the  usual  manner  and  passed  through  pipes  into  the 
superlieater,  and  carried  out  at  a  point  near  the  original  boiler 
outlet. 


In  horizontal  water  tubular  l;)oilers  with  inclined  drums  there 
is  not  sufficient  space  between  the  drums  and  the  tubes  for  the 
location  of  a  superheater,  and  it  has  been  found  necessary  to 
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leave  out  one  or  two  horizontal  rows  of  tubes  about  the  middle 
of  the  boiler  to  provide  a  space  for  the  superheater. 

In  the  vertical  bent  tube  boiler,  Fig.  3,  a  space  for  the  super- 
heater is  found  immediately  over  the  furnace  arch,  while  in 
horizontal  return  tubular  boilers,  Fig.  4,  and  the  internally  fired 
marine  type  of  boiler,  Fig.  5,  an  ideal  place  for  the  superheater 
exists  in  the  rear  combustion  chamber. 

To  insure  long  life  and  efficiency  of  operation  a  superheater 
should  present  a  cast-iron  surface  to  the  action  of  the  furnace 
gases.  The  most  successful  types  in  European  practice  have 
been  made  wholly  of  cast  iron,  but  this  method  of  construction 


Fig.  5.     Foster  Superheater  Combined  with  Ixternali.y  Fired 
Tubular  Boiler. 


is  considered  somewhat  objectionable,  particularly  in  this  coun- 
try, wdiere  cast  iron  has  been  proved  a  treacherous  material 
for  boilers  and  steam  pipes. 

To  utilize  the  good  features  of  cast  iron  as  a  resister  of  the 
corrosive  effects  of  the  furnace  gases,  and  at  the  same  time  obtain 
the  advantages  of  the  wrought-steel  construction,  superheaters 
have  been  constructed  largely  by  using  a  solid  drawn-steel  tube 
such  as  a  Shelby  tube,  for  a  body,  on  the  outside  of  which  are 
shrunk  a  series  of  deep  annular  gills,  closely  set  together  so  as  to 
completely  cover  the  external  surface  of  the  tube  and  protect 
the  same  from  blistering  or  corrosion,  as  shown  in  Fig.  6.  This 
results  in  a  form  of  tube  with  deep  external  corrugations,  giving 
an  extended  surface  for  the  absorption  of  heat,  and  giving 
greatly   increased  strength   to   resist  bursting  strains.     The  in- 
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ternal  surface  of  the  Shelby  tube  being  particularly  smooth, 
steam  may  be  passed  through  it  at  a  very  high  velocity  with- 
out undue  friction  losses,  and  in  the  form  of  superheater  now 
being  described  this  velocity  is  insured  by  annular  distribution, 
consisting  of  internal  filling  tubes  placed  within  the   main  tube 


■.^:rh;:^ 
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Fig.  6.     Detail  of  Fosteh  Superheater  Showing  Construction  of 
Elements  and  Heaters. 


and  held  centrally  so  as  to  provide  annular  spaces  for  the 
passage  of  the  steam. 

The  tubes  are  joined  at  their  ends  by  expanding  them  into 
wrought  or  cast-steel  headers  and  return  boxes,  and  are  arranged 
so  as  to  give  flexibility. 

This   form   of   construction   has   been   successfully   applied   to 
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several  thousand  horse-power  of  boilers  and  has  been  utilized  in 
a  number  of  independently  fired  superheaters,  and  is  apparentl}' 
meeting  the  requirements  of  durability  and  efficiency. 

That  the  superheater  is  already  well  beyond  the  experimental 
state  needs  no  greater  proof  than  a  recent  report  of  the  United 
States  consul  in  Germany,  to  the  effect  that  its  use  is  now  gen- 
eral in  connection  with  engines  in  that  country,  and  a  statement 
by  the  largest  manufacturers  of  water  tube  boilers  in  Great 
Britain  that  of  all  the  boilers  which  they  tm-ned  out  last  year 
over  eighty  per  cent,  were  fitted  with  superheaters. 

There  is  no  reason  why  each  and  every  water-works  engineer 
who  is  not  using  superheated  steam  should  not  take  immediate 
advantage  of  this  simple  and  comparatively  inexpensive  method 
of  increasing  his  engine  duty, 

Mr.  F.  W.  Dean  brought  up  this  point  before  the  Association 
last  winter  as  a  very  promising  and  practically  the  only  remain- 
ing method  in  sight  of  raising  duties. 

We  do  not  know  of  any  improvement  which  would  require 
less  attention,  nor  do  we  know  of  any  which  would  be  more  sure 
of  giving  a  good  account.  What  more  appropriate  place  for  its 
rapid  introduction  than  New  England,  the  home  of  high-class 
pumping  engines  and  of  low  pumping  costs? 

DISCUSSION. 

Mr.  J.  Herbert  Shedd.  I  have  had  very  little  experience 
with  superheated  steam  for  pumping  water.  The  first  and 
almost  the  only  experience  I  had  was  about  thirty  years  ago  in 
undertaking  to  run  superheated  steam  through  a  Worthington 
horizontal  low-duty  engine,  with  the  result  that  we  set  the 
wooden  lagging  on  fire.     We  didn't  pursue  the  experiment. 

The  President.  It  would  really  seem  as  though  the  ordinary 
duplex  engine  was  one  of  the  machines  which  was  best  suited 
for  the  use  of  superheated  steam.  Certainly  if  its  duty  can  be 
increased  thirty  or  forty  per  cent.,  as  mentioned  in  the  paper,  a 
very  promising  field  is  opened. 

Mr.  Edward  Atkinson.  Mr.  President,  the  danger  of  fire  is 
not  confined  to  the  danger  from  superheated  steam.     The  heavi- 


Discussiox.  89 

est  loss  that  the  factory  mutual  companies  ever  suffered  came 
from  the  most  unexpected  cause,  and  that  was  the  sudden  burst- 
ing into  flame,  almost  an  explosion,  of  the  wooden  lagging  of  a 
10-inch  cylinder  of  a  compound  engine,  as  the  result  of  w^hich  the 
three  Warren  jMills  were  totally  destroyed,  with  the  contract 
made,  the  pipes  on  the  ground,  but  the  sprinklers  that  would  have 
stopped  the  fire  where  it  originated  not  put  up.  Beware  of 
wooden  lagging  on  any  boiler  or  cylinder  anywhere,  superheated 
or  low-heated,  or  otherwise. 

Mr.  W.  C.  Hawley.  Mr.  Foster  mentions  the  possible  saving 
with  engines  running  at  various  duties.  I  would  like  to  ask  at 
what  steam  pressure  he  would  start  in  making  those  savings, 
and  whether  such  a  sa\'ing  would  be  a  possibility  with  an  initial 
pressure  of  175  or  200  pounds,  which  is  sometimes  carried  in  large 
pumps. 

Mr.  Foster.  I  will  say,  without  having  elaborated  that  point 
ver}'  much  in  the  paper,  that  the  idea  would  be  to  expect  those 
duties  with  the  steam  pressures  for  which  the  engines  were  de- 
signed. For  instance,  an  engine  of  150  000  000  duty  would 
naturally  have  a  high  steam  pressure,  say  of  150  pounds,  and  an 
engine  of  40  000  000  duty  would  not  usually  carry  more  than 
from  100  to  125  pounds.  It  is  expected  that  those  pressures 
would  automatically  take  care  of  themselves  in  considering  the 
question  generally. 

The  President.  The  idea  being  that  low-duty  engines  are 
very  much  more  benefited  by  superheating  the  steam  than  the 
high-duty  engines,  and  in  the  case  of  a  direct-acting  pumping 
engine,  such  as  the  duplex  engine,  the  duty  could  be  increased 
enormously  without  the  introduction  of  new  boilers  by  super- 
heating the  steam.     That  is  the  idea,  isn't  it,  Mr.  Foster? 

Mr.  Foster.     Yes,  sir;  that  is  the  idea. 
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THE      ADVANTAGE     OF    A     SCIENTIFIC     BASIS    FOR 
DETERMINING  THE  VALUE  OF  FUELS. 

BY    HENRY    J.    WILLIAMS,    CHEMICAL    ENGIXEEK,     BOSTON',    ^L\SS. 
[Read  December  13,  1904.] 

The  question  of  testing  coals  by  analysis  and  calorimeter  test, 
to  determine  their  value,  as  well  as  by  boiler  test,  is  an  important 
one,  which  is  of  interest  to-day  to  the  engineer  and  to  the  large 
purchaser  of  coal  quite  as  much  as  it  is  to  the  chemist,  for  the 
realization  is  slowlj^  coming  home  to  us  that  coal  cannot  be  eco- 
nomically used  for  making  steam  unless  we  know  accurately  its 
quality  or  intrinsic  value  in  addition  to  knowing  simply  its  name 
and  its  cost  per  ton. 

Too  many  false  notions  about  coal  which  lead  to  erroneous 
conclusions  are  unfortunately  held  at  the  present  time,  much 
of  the  confusion  doubtless  arising  from  the  fact  that  the  knowl- 
edge which  we  possess  about  the  different  coals,  or  one  particular 
coal  as  it  is  sliipped  from  different  mines,  is  incomplete  or  inexact, 
and  is  not  at  all  conclusive  in  consequence.  The  question  is  often 
asked,  "But  how  are  we  to  reliably  know  what  we  are  getting?  " 
Science,  and  science  only,  can  answer  that  question.  Science  is, 
after  all,  but  systematized  knowledge,  with  all  errors,  wherever 
possible,  detected  and  discarded.  We  are  far  more  likely,  there- 
fore, to  know  what  we  are  about,  in  purchasing  coal,  if  we  are 
guided  by  the  facts  which  we  know  to  be  true,  rather  than  if  we 
permit  ourselves  to  be  influenced  by  opinions  which  are  unsound 
and  facts  which  are  incomplete. 

A  discussion  of  certain  aspects  of  this  problem,  from  the  point 
of  view  of  one  who  has  conscientiously  labored  for  many  years 
in  attempts  to  discover  what  is  unsound  and  remedy  much  that 
is  untrue,  may  prove  of  interest,  and  it  may  serve  to  suggest  a 
practical  way  out  of  our  difficulties. 

The  values  which  we  actually  realize  from  coal,  in  the  form  of 
steam  or  work,  depend  first  upon  the  nature,  composition,  and 
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fuel  value  of  the  coal,  which  are  best  determined  by  the  chemist 
who  makes  a  specialt}^  of  such  work,  and  second,  upon  its  behavior 
during  combustion,  which  the  engineer  controls.  But  the  process 
of  combustion  is  as  intimately  connected  with  chemistry  as  it 
is  with  physics,  so  that  an  exact  knowledge  of  the  manner  in  which 
combustion  proceeds  is  only  to  be  gained  when  the  engineer 
and  the  chemist  work  together.  Such  troubles,  for  instance, 
as  excessive  or  insufficient  draught,  imperfect  combustion,  leak- 
ages of  air  above  or  through  the  fire,  improper  sizing  of  the  coal, 
excessive  thickness  of  fire,  improper  grate  area  for  the  amount 
of  steam  produced,  too  slow  combustion,  etc.,  are  all  readily 
detected  by  a  correct  interpretation  of  the  results  of  accurate 
flue  gas  analyses,  and  the  proper  remedy  then  suggests  itself. 
Such  information,  i3romi3tly  utilized,  serves  to  reveal  and  at  once 
remedy  the  disadvantageous  conditions  of  burning  which  would 
otherwise  continue  undetected,  and  many  times  even  unsuspected. 

The  boiler  test,  taken  by  itself,  on  the  one  hand,  tells  us  but 
little  about  the  intrinsic  value  of  a  fuel,  for  it  is  subject  to  many 
inevitable  losses  of  heat  which  occur  from  various  causes  and 
which  vary  widely  with  different  fiu'iiaces.  By  slightly  varying 
the  conditions  we  can  obtain,  at  will,  in  the  same  furnace,  either 
a  good  or  a  bad  result,  with  precisely  the  same  coal,  so  that  the 
final  results,  at  l^est,  may  be  cjuite  deceptive,  and  nothing  defi- 
nite about  the  true  value  of  the  coal,  as  a  fuel,  is  really  learned. 

The  analysis  and  calorimeter  test,  on  the  other  hand,  wdiile 
the}'  do  not  tell  us  how  to  handle  or  burn  the  coal,  imquestionably 
serve  to  fix  definite  and  invariable  standards  to  go  ])y,  towards 
which  we  may  strive.  When  properly  made  they  tell  us  accu- 
rately and  positively  with  just  what  kind  of  coal  we  are  dealing, 
the  exact  number  of  heat  units  which  its  complete  combustion 
will  yield,  the  percentages  of  moisture,  volatile  matter,  fixed 
carbon,  ash,  and  sulphur  which  the  coal  contains,  and  the  influence 
of  the  latter  upon  the  heating  power.  If  carried  far  enough 
they  reveal  also  the  ultimate  composition  of  the  coal,  the  nature 
of  the  ash,  its  fusibility  and  other  properties.  With  this  informa- 
tion we  are  enabled  to  select  a  suitable  fuel  for  almost  any  land 
of  work  with  adecjuate  knowledge  of  what  we  are  about,  but  it 
is  the  height  of  folly  to  rashly  conclude  that  all  chemical  analyses 
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are  of  no  value  simply  because  an  incomplete  analysis  of  a  coal 
fails  to  tell  more  than  it  is  capable  of  revealing,  and  yet  this  is 
what  is  frequently  done. 

A  poor  coal,  of  low  heating  power,  is  sometimes  said,  with 
some  degree  of  truth,  to  3'ield  higher  results  under  a  certain  boiler 
than  a  better  coal,  of  the  same  nature  but  of  greater  heating 
power,  and  the  erroneous  conclusion  is  confidently  reached  that 
the  better  coal  is  of  inferior  quality.  This  surprising  though  all 
too  frequent  conclusion  is  solely  due  to  the  fact  that  some  impor- 
tant factor  has  not  been  taken  into  account,  and  it  affords  another 
instance  of  the  folly  of  drawing  conclusions  from  insufficient 
premises.  The  heat  value  of  a  unit  of  carbon  or  of  hydrogen  is 
practically  the  same  in  all  coals  of  the  same  nature,  but  the  better 
coal  may  have  been  lump  coal,  which  left  spaces  beween  the 
lumps  when  placed  upon  the  grate,  while  the  poorer  fuel  consisted 
of  fine  screenings  which  packed  closely  and  left  no  such  spaces. 
In  consequence,  a  leakage  of  air  occurred  between  the  lumps  of 
larger  coal,  which  cooled  the  fire  and  reduced  its  efficienc5^ 
Stopping  this  leakage  of  air,  which  occurred  in  the  one  case  and 
not  in  the  other,  would  have  been  all  that  was  required  to  actually 
realize  and  apply  the  greater  heating  power  of  the  better  coal. 
The  conclusion  formerly  reached  would  then  have  been  reversed. 

The  above  illustrations  seem  plainly  to  indicate  that  the  results 
of  boiler  tests,  unaccompanied  by  chemical  analyses,  are  decep- 
tive, because  the  conditions  under  which  they  are  made  are  largely 
unknown  quantities,  or  can,  at  best,  only  l^e  surmised.  When 
these  tests  are  accompanied  by  reliable  analyses  and  calorimeter 
tests  of  the  coal  and  jDroperly  interpreted  analyses  of  the  flue 
gases,  the  conditions  under  which  they  are  conducted  cease  to 
be  unknown  quantities  and  their  results  become  definite,  con- 
vincing and  conclusive. 

It  is  sometimes  the  custom  for  the  engineer  to  make  the  flue 
gas  analyses  himself,  and  occasionally  the  analysis  and  calorim- 
eter test  of  the  coal  also.  As  a  general  rule  tliis  practice  is  not 
to  be  recommended,  for,  while  the  results  which  he  obtains  maj" 
sometimes  be  better  than  no  results  at  all,  the  conclusions  are 
quite  likely  to  be  faulty  or  deceptive,  owing  to  his  insufficient 
experience  or  necessarily  limited  knowledge  of  chemistry.     This 
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work  is  entirely  out  of  his  line  and  he  is  generally  too  busy  about 
other  matters  during  a  boiler  test  to  do  it  properly. 

The  results  of  reliable  analyses  and  calorimeter  tests  of  coal, 
which  are  definite  quantities,  seem  also  to  furnish  all  the  informa- 
tion that  is  required  to  enable  us  to  purchase  coal  intelligently 
and  on  a  definite  basis.  But  it  is  of  vital  importance,  if  we  are 
to  be  guided  by  the  results  of  such  tests,  that  their  accuracy 
should  be  beyond  question,  and  it  is  an  unfortunate  fact  to  record 
that,  owing  to  the  woefully  incomplete  knowledge  about  coal 
which  is  generally  possessed  and  to  defective  calorimeters,  much 
of  the  work  which  is  being  done  to-day,  in  this  line,  is  none  too 
good. 

Conscious  of  the  many  shortcomings  on  this  side  of  the  question, 
the  writer  has  left  no  stone  unturned  in  efforts  to  overcome  them. 

Investigations  have  now  been  carried  on  for  nearly  ten  years 
to  improve  our  methods  of  conducting  analyses  and  calorimeter 
tests  and  to  accumulate  reliable  data  about  all  kinds  of  coal  which 
should  reveal  what  is  true  and  what  is  false.  Briefly  outlined, 
this  work  has  included: 

1.  Complete  proximate  and  ultimate  analyses  of  more  than 
three  hundred  different  American  coals,  together  with  calcula- 
tions of  their  theoretical  heating  powers. 

2.  An  exhaustive  investigation,  lasting  two  years  and  a  half, 
to  discover  reliable  methods  for  determining  moisture  in  coal, 
including  more   than  two  thousand  separate   determinations. 

3.  A  study  of  modern  calorimeters  and  of  the  errors  to  which 
they  are  liable. 

4.  The  production  of  a  perfected  form  of  bomb  calorimeter 
that  should  be  free  from  all  such  errors  and  as  accurate  and  con- 
venient to  operate  as  mechanical  skill  could  make  it. 

5.  Accurate  calorimeter  tests  of  all  of  the  above  coals. 

Many  other  kindred  subjects  have  been  investigated,  and  numer- 
ous machines,  forms  of  apparatus  aud  methods  of  examination 
have  been  devised,  constructed,  and  made  use  of,  to  make  it  pos- 
sible to  bring  the  investigation  to  a  successful  issue.  A  slight 
outline  of  the  scope  of  this  work  is  all  that  can  here  be  given, 
but  it  is  now  practically  completed  and  the  writer  expects  to 
publish-  it  in  full,  in  book    form,  at    the    earliest    opportunity. 
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Sufficient  reliable  data  seem  to  hav(^  been  collected,  however, 
to  bring  the  difficult  question  of  "  coal,"  which  here  confronts 
us,   under  fair  control. 

Coal,  as  it  occurs  in  the  seam,  is  seldom  free  from  partings  of 
slate,  "  bone,"  or  inferior  coal,  which  it  is  the  duty  of  the  miner 
to  sort  out;  but,  for  one  reason  or  another,  this  is  seldom  perfectly 
done,  particularly  where  the  seam  becomes  thin,  and,  as  a  natural 
consequence,  a  great  many  different  grades  of  genuine  coal  of 
the  same  name,  but  from  different  mines  or  places,  find  their 
way  to  market.  That  this  is  the  case,  the  following  facts,  taken 
from  the  writer's  experience,  seem  conclusively  to  show: 

A  certain  coal,  in  common  use,  whose  name  is  omitted  for  ob- 
vious reasons,  generally  carries  on  an  average  6.58  per  cent, 
ash,  this  result  being  the  average  of  more  than  twenty  analyses 
of  this  coal,  as  it  occurs  in  the  market,  made  by  the  author  in  con- 
nection with  boiler  tests.  He  has  also  analyzed  fair  samples 
of  this  coal  showing  8  per  cent.,  10  per  cent.,  14  per  cent.,  and 
recently  over  22  per  cent,  of  ash.  Is  it  possible,  in  the  face  of 
such  evidence,  to  still  believe  that  the  name  of  this  coal  is  any 
guarantee  of  its  quality? 

What  is  true  of  this  coal  it  true  of  many  others.  The  one 
cry  of  suffering  consumers  is:  "  Give  us  coal  of  uniform  quality," 
but  do  they  get  it,  at  any  price? 

The  writer  some  years  ago  had  occasion  to  analyze  a  great 
many  samples  of  turpentine,  as  it  occurs  in  the  market  in  some 
sections  of  this  country.  The  results  were  most  interesting. 
Carefully  interpreted  they  seemed  to  suggest  that  the  manner 
of  selling  turpentine  is  based  on  the  fact  that  turpentine  is  worth 
45  cents  per  gallon  and  naphtha  10  cents. 

The  drummer  is  told  to  "get  orders,  —  at  any  price,"  and  brings 
in  quite  a  variety.     The  goods  are  then  sent  out  as  follows: 

The  man  who  pays  45  cents  per  gallon  gets  —  straight  turpen- 
tine (if  he  is  luck}^). 

The  man  who  pays  4H  cents  per  gallon  gets  —  90  per  cent, 
of  turpentine  and  10  per  cent,  of  naphtha,  nicely  blended. 

The  man  who  pays  39f  cents  per  gallon  gets  —  85  per  cent,  of 
turpentine  and  15  per  cent,  of  naphtha,  also  nicely  blended. 

The  dealer  is  contented  because  his  profit  is  just  the  same  on 
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all  orders,  and  the  customer  is  happy  because  he  has  bouglit  his 
turpentine  below  market  price.     But  has  lie? 

Returning  to  the  subject  of  coal,  is  it  reasonable  to  suppose 
that,  where  there  is  a  Yankee  at  both  ends  of  the  bargain,  the 
customer  who  is  unwilling  to  pay  what  good  coal,  or  anything 
else,  is  worth,  gets  any  better  coal,  or  anything  else,  than  he  pays 
for?     We  think  not. 

I'nfortunately  this  admirable  adjustment  does  not  always 
take  place,  and  the  sinners  are  not  the  only  ones  that  suffer  from 
poor  coal  of  irregular  quality. 

A'erily  the  world  doth  move.  Does  it  not,  therefore,  seem 
reasonable  to  suggest  that  a  system  of  purchase,  based  upon  the 
quality  and  heating  power  of  the  coal,  which  are  fixed  quantities 
determined  by  analysis  and  calorimeter  test,  that  would  insure 
to  the  consumer  a  uniform  quality  of  coal,  for  a  definite  price, 
and  to  the  coal  dealer  proper  return  for  his  poorest  as  well  as  his 
best  grades  of  coal,  would  be  fair  and  ecjuitable  to  both  and  would 
have  many  advantages  to  recommend  it? 

Such  a  system  seems  to  the  writer  to  be  the  only  fair  and  logical 
way  of  dealing  with  this  perplexing  question,  and  it  is  a  fact 
that  wherever  it  has  been  properly  tried  it  has  given  satisfaction, 
while  in  some  places  the  bills  have  even  been  cut  in  two. 

It  is  essential  in  all  tests  of  coal  that  the  sample  operated  upon 
should  fairly  represent  the  whole  of  the  coal  under  investigation, 
otherwise  the  best  work  of  the  chemist  is  of  no  avail  and  the 
results  are  misleading.  To  do  this  successfully,  however,  requires 
skill,  judgment,  and  experience  and  a  faitliful  adherence  to  certain 
fundamental  principles  of  correct  sampling  which  are  too  seldom 
observed.  It  is  almost  needless  to  point  out  that  to  pick  out  a 
few  small  lumps,  here  and  there,  and  to  i^ut  in  a  few  pieces  of 
"  bone,"  even  if  judgment  (?)  is  used,  is  radically  wrong  and 
violates  a  vital  principle  of  all  correct  sampling. 

Owing  to  the  various  conditions  under  which  coal  is  found, 
sometimes  in  lump  form,  sometimes  fine,  sometimes  a  mixture 
of  the  two,  with  more  or  less  slate  interspersed,  sometimes  in  the 
yard,  sometimes  in  the  bins,  sometimes  on  the  cars  or  in  the  barge, 
it  would  be  hopeless,  in  a  brief  paper,  to  attempt  to  lay  down 
hard  and  fast  rules  which  would  apply  to  all  cases.     A  few  sug- 
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gestions  only  can  be  offered  in  illustration  of  the  fundamental 
principles  which  govern  all  sampling,  wliich  should  ever  be  kept 
in  mind.     These  are: 

1.  To  completely  eliminate  the  personal  factor  of  choice  or 
selection. 

2.  To  secure  sufficiently  large  individual  samples  of  uniform 
size,  including  lump,  fine,  bone,  etc.,  from  a  sufficient  number 
of  different  places,  ecjuidistant  from  each  other,  and  represent- 
ing all  parts  of  the  ])ile.  This  yields  a  reasonably  fair  average 
of  the  whole  pile. 

3.  To  imite  and  crush  all  the  coal  taken  out  to  a  uniform  size, 
particularly  the  hard  lumps  of  slate,  mix  with  the  utmost  thor- 
oughness on  a  clean  floor,  make  into  a  pile,  flatten  this  dovm 
and  quarter  evenly,  throwing  out  two  diagonal  cjuarters  perfectly 
clean,  then  repeat  the  above  process,  pulverizing  finer  and  finer, 
until  a  sample  of  twenty-five  pounds  or  less  remains,  the  whole  of 
which  should  be  preserved  for  analysis. 

The  application  of  these  rules,  under  varying  conditions,  calls 
for  much  ingenuity  and  skill,  which  can  only  be  gained  by  expe- 
rience, but  a  fair  sample  of  the  coal  can  almost  invariably  be 
secured  in  this  manner,  the  reliability  of  which  can  readily  be  con- 
firmed, in  very  important  cases,  by  repeating  the  sampling  from 
an  equal  number  of  different  places. 

The  writer  recently  had  occasion  to  sample  in  duplicate  some 
15  000  tons  of  New  River  coal,  lying  in  the  yard  in  a  pile  12  feet 
broad,  20  feet  thick  and  150  feet  long.  The  top  of  the  pile  and 
one  exposed  end  were  the  only  points  accessible.  This  coal  had 
been  sold  for  ''  New  River  coal,"  but  the  mill  manager  claimed 
that  it  w^as  not,  that  it  gave  bad  results,  etc.,  and  refused  pay- 
ment except  at  an  unwarrantable  discount. 

A  brief  description  of  how  the  sampling  was  done  will  illustrate 
the  manner  in  A\'hich  the  above  rules  were  complied  with. 

Starting  on  top,  at  the  rear,  ten  stakes  were  put  in,  to  mark 
ten  spots  fifteen  feet  apart;  then,  to  eliminate  the  personal  factor 
of  choice,  the  surface  coal  was  shoveled  out  level  at  each 
spot  to  a  depth  of  four  to  six  inches.  With  a  pick  the  coal 
was  uniformly  broken  up  at  each  spot  to  an  additional  depth  of 
about  four  inches  over  an  area  three  feet  square,  and  after  very 
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thorough  mixing  of  the  loosened  coal  three  large  shovelfuls  were 
taken  from  each  hole.  A  half  shovelful  or  less  of  surface  coal 
was  also  taken  between  each  of  the  ten  holes.  Then,  proceed- 
ing to  the  face  of  the  pile,  the  outer  coal  was  removed  and  three 
shovelfuls  were  taken  from  each  of  four  spots  five  feet  apart, 
situated  at  different  levels. 

The  whole  of  this  coal,  representing  al^out  six  hundred  pounds, 
was  then  dumped  upon  a  clean  floor,  all  the  lumps  broken,  thor- 
ough mixture  effected,  and  the  cjuartering  down  process  applied. 
Two  samples,  taken  one  after  the  other,  from  different  sets  of 
holes,  in  the  above  manner,  yielded  by  analysis: 

Sample  No.  1.                                                               Sample  No.  2. 
Ash (i.()7  per  cent.  Ash G.1.5  per  cent. 

The  difference  is  only  .08  per  cent.,  so  that  either  sampling 
can  be  considered  reliable.  Other  confirmatory  results  were 
obtained,  and  the  writer  was  able  to  state,  with  good  grounds 
for  his  belief,  that  the  coal  in  ciuestion  was  "  New  River  coal," 
and  that  the  complaint  which  had  been  made  had  no  foundation 
in  fact.  Settlement  in  full  for  the  coal  was  made  within  three 
weeks,  so  that  further  comments  seem  unnecessary. 

Where  sampling  has  to  be  frecjuently  performed  a  small  jaw 
crusher,  of  the  Blake  type,  is  very  desirable,  as  it  greatly  hastens 
and  simplifies  the  work  and  makes  it  more  reliable.  Various 
devices  are  also  in  use  to  avoid  the  necessity  for  the  laborious 
and  somewhat  unreliable  quartering.  When  samples  are  reduced 
to  three  eighths  of  an  inch  and  finer,  an  improved  form  of  the 
well-known  tin  sampler,  which  the  author  has  perfected,  reduces 
the  labor  of  handling  to  a  minimum,  avoids  all  errors  due  to 
imperfect  mixing  and  greatly  increases  the  reliability  of  the 
samples.  The  ordinary  sampler  consists  of  a  stiff  metal  frame 
provided  with  narrow  longitudinal  troughs,  set  parallel,  be- 
tween which  there  are  open  spaces  of  the  same  width,  through 
wliich  the  material  can  fall.  When  the  sampler  is  full  it  must 
be  lifted  and  emptied,  which  with  coal  is  a  very  dirty  operation . 
The  improvements  which  have  been  made  consist  in  setting  the 
frame  firmly,  at  an  angle  of  forty-five  degrees,  OA'er  a  barrel,  in  an 
inclined  support,  which  also  serves  as  a  cover  for  the  barrel,  and 
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in  leaving  the  lower  end  of  the  longitudinal  troughs  open,  so  that 
they  can  clear  themselves;  also  in  pro^•iding  an  apron,  at  the 
lower  end.  to  catch  and  guide  the  coal  to  a  pan,  as  it  slips  down. 
This  device  is  shown  in  Fig.   1 . 

The  coal,  which  should  be  of  a  uniform  size,  is  simply  delivered 
in  a  thin  sheet  upon  the  face  of  the  sampler,  with  a  flat  shovel. 

One  half  of  it  drops  through 
into  the  barrel,  where  it  requires 
no  further  handling,  while  the 
other  half,  which  has  been  caught 
in  the  inclined  troughs,  simply 
slides  down  by  its  own  weight 
into  a  pan  provided  to  receive 
it.  A  sample  of  fifty  pounds  of 
coal,  crushed  to  three  eighths  of 
an  inch,  can  be  accurately  cut 
down  to  about  twelve  pounds  in 
a  few  minutes,  by  simply  putting 
it  through  the  sampler  twice. 
It  can  then  be  crushed  much 
finer,  and  similarly  cut  down  in 
a  smaller  sampler  of  the  same 
type. 

The  final  sample  shoultl  in- 
variabh'  be  crushed  and  ground 
to  pass  an  eighty-mesh  screen, 
and  should  then  be  kept  in 
tightly  stoppered  Ijottles. 

Having  obtained  a  fair  sample 
of  the  coal  the  next  step  is  to 
determine  its  calorific  value.  The 
merits  and  defects  of  the  various 
calorimeters  that  are  at  present 
in  use  cannot  here  be  considered,  further  than  to  say  that 
practically  all  of  them  are  worthless  while  one  or  two  yield 
results  that  are,  at  best,  only  approximate. 

The  bomb  calorimeters  in  which  the  combustion  takes  place  in 
an  atmosphere  of  oxygen  gas,  under  pressure,  are  the  only  ones 
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that  can  lay  claim  to  a  fair  degree  of  accuracy.  The  best  known 
of  these  is  the  Mahler  bomb  calorimeter,  brought  out  in  1893, 
a  modified  form  of  Berthelot's  original  calorimetric  bomb.  This 
has  been,  in  some  respects,  improved  upon  by  Atwater. 

Mahler's  apparatus  consists  of  a  bomb  of  forged  steel  whose 
exterior  is  nickel  plated  while  its  interior  is  coated  with  a  thin 
lining  of  enamel  which  serves  to  protect  the  interior  walls  against 
the  corrosive  action  of  the  acids  which  are  formed  during  the 
combustion. 

The  coal  to  be  tested  is  placed  in  a  shallow  platinum  pan  at- 
tached to  the  end  of  a  light  platinum  rod  which  hangs  from  the 
under  surface  of  the  lid  of  the  bomb,  and  it  is  in  contact  with  a 
fine  iron  fuse-wire,  which  is  connected  to  another  similar  rod. 
The  fuse-wire  may  be  kindled  by  means  of  an  electric  current  and 
its  combustion  serves  to  ignite  the  coal.  A  heavy  lid  screws 
upon  the  outside  of  the  neck  of  the  bomb,  and  the  latter  can  then 
be  charged  with  about  twenty-five  atmospheres  of  oxygen  gas, 
introduced  through  a  long  stem  or  pin  valve,  extending  above 
the  bomb,  and  closed  by  means  of  a  thumbscrew.  The  bomb 
is  placed  in  a  calorimeter-can  where  it  is  partially  covered 
with  from  2  200  to  2  400  grams  of  water,  which  is  stirred  by 
means  of  an  agitator,  operated  by  hand  with  the  aid  of  a  lever. 
The  combustion  is  instantaneous  and  complete,  and  the  heat 
generated  passes  from  the  bomb  to  the  water  of  the  calorimeter, 
where  it  is  measured.  The  calorimeter-can,  which  receives  the 
bomb  and  the  water  used,  is  set  within  the  customary  water- 
jacket,  which  is  intended  to  protect  it  as  much  as  possible  from 
draughts  and  the  variable  influences  of  the  surroundings. 

Accurate  as  the  above  instrument  is  in  principle,  there  are 
numerous  sources  of  error,  which  seem  to  have  been  overlooked, 
and  many  annoying  defects  of  construction,  which  are  serious. 
Aside  from  these,  however,  the  errors  which  occur  are,  for  the 
most  part,  small,  while  some  of  them  are  negligible.  But,  in  the 
opinion  of  the  writer,  it  is  unwise  to  say  that  any  error  which  can 
readily  be  prevented  is  negligible  simply  because  such  an  error 
is  small. 

The  defects  of  the  apparatus  appear  to  be  the  following: 

1.    The  enamel  lining,  being  a  poor  conductor  of  heat,  causes 
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a  trifling  error  from  that  cause;  moreover,  owing  to  the  unequal 
expansion  between  enamel  and  metal,  to  which  the  apparatus 
is  subjected  when  in  use,  it  soon  peels  off.  After  about  twenty 
combustions.  imperce])tible  cracks  occur  which  soon  grow  larger, 
corrosion  sets  in  and  the  lining  ceases  to  prevent  the  gradually 
increasing  errors  due  to  this  corrosion. 

2.  The  lid  or  cover,  which  screws  upon  the  exterior  of  the  neck 
of  the  bomb,  is,  of  necessity,  very  heavy.  It  depends,  for  a  tight 
joint,  upon  the  sliding  contact  of  an  annular  tongue  of  metal, 
projecting  from  its  under  surface,  upon  a  ring-washer  of  lead, 
placed  within  a  corresponding  slot  on  top  of  the  neck  of  the  bomb. 
This  method  of  sealing  is  somewhat  defective  and  it  does  not 
invariably  yield  a  tight  joint. 

The  crushing  of  a  lead  washer,  at  the  bottom  of  a  slot,  fre- 
quently also  makes  the  cover  bind,  owing  to  the  flow  of  metal. 

3.  The  bomb  is  only  partially  immersed,  even  though  as  much 
as  2  400  grams  of  water  have  been  used,  so  that  losses  of  heat 
by  conduction  and  radiation  through  the  projecting  stem  must 
inevitably  occur.  No  accurate  correction  for  such  losses  can  be 
made. 

4.  The  amount  of  water  employed,  to  only  partially  cover  the 
bomb,  is  much  too  large,  so  that  the  range  of  temperature 
obtained,  for  a  given  unit  of  fuel  burned,  is  smaller  than  is 
desirable. 

5.  The  stirring  of  the  calorimeter  by  hand  is  both  awkward 
and  tedious.  It  is  well  nigh  impossible  for  a  single  operator  to 
properly  stir  the  calorimeter  and  take  readings  of  the  thermometer, 
on  time,  to  one  one-hundredth  of  a  degree  or  closer,  with  any  de- 
gree of  certainty  or  accuracy.  The  stirring  must  be  kept  up  for 
at  least  fifteen  minutes  and  necessarily  proceeds  at  a  somewhat 
irregular  rate,  so  that  no  correction  for  frictional  efTect  of  the 
stirrer  can  be  correctly  applied. 

6.  The  crucible  which  holds  the  charge  is  too  shallow,  so  that 
losses  of  coal  by  scattering,  when  oxygen  is  being  admitted,  or 
by  spilling,  owing  to  the  vibration  which  may  occur  while  the 
cover  is  being  screwed  on,  are  of  frequent  occurrence.  These 
losses  of  fuel  are  not  readil}^  detected,  so  that  errors  resulting 
therefrom  may  occur  and  not  be  known. 
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Other  minor  defects  also  exist,  such  as  the  disadvantage  of 
having  to  dip  one  electric  wire  under  the  surface  of  the  liquid, 
in  firing  the  Ijom]).  while  the  other  is  touched  to  the  bomb,  and 
the  disadvantage  of  employing  an  iron  fuse  wire  for  igniting  the 
charge,  which  does  not  invariably  burn  to  the  same  oxide,  and 
whose  heat  of  combustion  must,  therefore,  be  more  or  less  un- 
certain; also  the  disadvantages  due  to  miss-fires,  which  occa- 
sionally occur. 

Finally,  all  open  calorimeters  are  liable  to  errors  due  to 
exposure  to  the  variable  influences  of  the  surroundings, 
whose  temperature  during  an  observation  can  only  he  known 
approximately.  An  error  is  also  caused  by  evaporation  of  water 
from  the  surface  of  the  open  calorimeter-can,  which,  though 
small,  can  be  avoided.  The  custom  of  only  stirring  the  water 
jacket  occasionally  is  also  objectionable,  as  the  temperature 
of  this  jacket  varies  at  different  points  and  cannot  be  accurately 
known.  All  corrections  based  upon  such  inaccurate  readings 
must,  therefore,  leave  much  to  be  desired. 

The  above  defects  are,  many  of  them,  small,  but  some  of  them 
are  important,  while  all  of  them  can  be  remedied.  The  author, 
therefore,  has  thought  it  worth  while  to  consider  even  the  slightest. 

Before  describing  the  instrument  which  the  writer  has  perfected 
he  wishes  to  express  his  deep  appreciation  of  the  Idndly  assistance 
and  advice  afforded  him  by  liis  friend,  the  late  Prof.  Silas  W. 
Holman  of  the  Massachusetts  Institute  of  Technology,  with 
whom  the  above  work  was  originally  planned  and  started,  who 
encouraged  and  aided  it  in  every  way  in  his  power.  To  him  full 
credit  is  due  for  suggesting  many  of  the  most  important  features 
of  the  apparatus.  Grateful  acknowledgment  is  also  made  to 
Prof.  Peter  Schwamb,  also  of  the  Institute,  who  designed  the 
body  of  the  bomb  and  the  sealing  device  wliich  have  been 
adopted. 

The  purpose  of  the  author  in  constructing  this  calorimeter 
for  his  own  investigations  has  been  to  produce  an  instrument 
that  would  be  as  nearly  free  from  all  the  errors  of  existing  calorim- 
eters as  it  was  possible  to  make  it,  and  as  convenient  to  handle 
as  it  could  be  made;  in  other  words,  to  provide  an  instrument 
that  would  yield,  in  the  hands  of  an  expert,  results  of  a  degree 
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of  accuracy  hitherto  unattama])le.  The  calorimeter  has  been 
constructed,  regardless  of  expense,  with  this  sole  object  in  view, 
and  it  is  not  too  much  to  say  that  whatever  statements  are  made 
in  its  favor  are  })ased  upon  actual  results  obtained  in  its  use  and 
all  capable  of  absolute  proof. 

The  instrument  remedies  all  the  defects  to  which  attention 
has  been  called,  while  all  operations  which  can  be  performed 
mechanically  have  been  intrusted  to  the  electric  current. 

The  bomb  is  made  of  aluminum  Vjronze,  which  transmits  heat 
much  more  rapidly  than  steel.  It  is  spherical  in  form,  with  the 
exception  of  a  short  neck  through  which  it  is  charged  and  by  means 
of  which  it  can  be  sealed.  The  spherical  form  secures  the  maxi- 
mum strength  and  capacity  attainable,  with  the  minimum  weight 
and  bulk  of  metal,  so  that  the  bomb  requires  less  water  to  cover 
it,  owing  to  its  compact  form,  than  if  it  had  any  other  shape. 

The  bomb  is  closed  by  a  lid,  which  is  pressed  directly  down- 
ward by  means  of  a  nut  which  screws  into  the  neck  of  the  bomb 
and  which  bears  upon  a  restricted  area  of  the  convex  upper  sur- 
face of  the  lid,  quite  near  its  center.  The  outer  edge  of  this  lid, 
underneath,  where  the  area  is  greater,  is  brought  into  crushing 
contact  with  a  light  ring- washer  of  tin,  resting  upon  a  flat  shoulder 
within  the  neck  of  the  bomb.  All  twisting  of  the  lid  is  thus 
avoided,  and  all  binding  due  to  the  crushing  of  the  washer  is 
prevented,  while  a  tight  joint  is  invariably  secured  with  but 
little  effort.  A  light  check-valve,  which  the  interior  pressure 
within  the  bomb  forces  upward,  when  the  oxygen  is  shut  off, 
serves  to  automatically  confine  the  gas.  The  check-valve  and 
closing  nuts  replace  the  long  projecting  stem  or  pin-valve  of  the 
Mahler  bomb,  and  they  are  so  disposed  as  to  make  it  possible 
to  completely  submerge  the  bomb,  so  that  no  heat  developed 
within  it  can  escape  measurement. 

The  calorimeter-can  has  a  side  chamber,  adapted  to  exactly 
fit  the  casing  of  the  electric  stirrer,  and  a  cover,  which  effectually 
prevents  the  escape  of  heat  due  to  evaporation  of  liquid  from 
the  surface.  The  shape  of  the  bomb  and  calorimeter-can  are 
such  that  1500  grams  of  water  suffice  to  completely  cover  the 
bomb,  an  amount  which  is  from  32  to  37  per  cent,  less  than  is 
required  to  only  partially  cover  the  Mahler  bomb.     In  consequence 
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the  range  of  temperature  obtained  by  the  combustion  of  a  given 
weight  of  coal  is  much  greater  than  Mahler  obtains,  being  4  degrees 
where  he  would  obtain  only  from  2.52  to  2.72  degrees,  and  the 
small  but  unavoidable  errors  incidental  to  the  reading  of  ther- 
mometers are  thereby  greatly  reduced. 

The  outside  of  the  bomb  is  nickel  platetl,  wliile  its  interior  walls 
are  very  heavily  coated  with  pure  gold,  which  protects  them 
perfectly  against  corrosion  and  furnishes  a  sound  and  durable 
lining  which  transmits  heat  far  more  quickly  and  perfectly  than 
enamel. 

The  finely  jjulverized  coal  is  compressed  in  the  form  of  a  little 
disc  in  which  a  deep  slot  can  be  cut  to  facilitate  its  adjustment 
to  the  fuse-wire.  The  platinum  crucible  stand  has  a  deep  crucible 
within  which  the  loop  of  platinum  fuse-wire  hangs,  and  upon 
which  the  single  slotted  lump  of  coal,  weighing  exactly  1  gram, 
can  be  slipped.  From  this  it  cannot  get  disconnected,  for  it  is 
supported  by  the  sides  of  the  crucible.  When  all  adjustments, 
which  are  readily  made,  are  completed,  the  crucible  stand  is 
lowered  bodily  into  the  bomb,  which  is  firmly  held  in  a  screw 
clamp,  and  the  upper  extremity  of  the  crucible  stand  is  adjusted 
to  its  side,  in  electrical  contact  with  an  insulated  knob,  outside 
of  the  bomb,  through  which  an  electric  current  may  be  conveyed 
to  the  fuse-wire.  The  arrangements  are  such  that  nothing  can 
disturb  the  integrity  of  the  adjustments  when  they  are  once 
made,  so  that  miss-fires  are  of  very  rare  occurrence.  Moreover, 
the  coal  being  in  one  piece,  the  crucible  of  deep  form,  and  the 
crucible  stand  entirely  in  the  bottom  of  the  bomb,  losses  of  fuel 
by  scattering,  when  oxygen  is  admitted,  or  by  spilling,  cannot 
occur. 

The  stirring  apparatus  consists  of  an  electric  motor,  held  in 
position  on  a  rod  above  the  calorimeter,  whose  shaft,  provided 
with  propeller  blades,  is  sufficiently  prolonged  to  reach  toUhe 
bottom  of  the  calorimeter-can.  The  shaft  revolves  within  a  light 
metal  casing,  open  above  and  below,  in  such  manner  that  a'rapid 
stream  of  water  is  drawn  up  from  under  the  bomb  and  is  thrown 
out  above  and  around  it.  The  stirring  is  rapid  and  perfect,  and 
requires  no  attention  whatever,  while  the  speed  of  the  propellers 
is  sufficiently  constant  to  have  made  it  possible  to  determine 
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■with  the  greatest  accuracy  the  exact  frictional  effect  of  the 
stirrer  and  to  apply  the  proper  correction  therefor  to  the 
determinations. 

Finalty,  the  water  jacket,  which  surrounds  the  calorimeter, 
not  only  has  the  usual  outside  covering  of  felt  and  enamel  cloth 
but  has  also  been  provided  with  a  heavy  cover  of  non-conductive 
material  of  its  own,  so  that  the  space  within  which  the  operations 
and  measurements  are  conducted  is  absolutely  protected  against 
the  influence  of  the  surroundings,  and  is  only  exposed  to  such 
influences  as  can  definitely  and  accurately  be  known.  To  make 
doubly  sure  of  this,  the  water  jacket  is  provided  with  an  electric 
stirrer  of  its  ow-i  so  that  its  true  temperature  at  all  times  is  no 
longer  open  to  doubt. 

The  bomb  having  been  charged,  placed  within  the  calorimeter- 
can,  covered  with  a  known  weight  of  water,  both  covers  put  on 
and  the  thermometers  adjusted,  the  two  electric  stirrers  are  set 
in  motion  and  the  stirring  takes  place  automatically.  Th?  influ- 
ence of  the  water  jacket  upon  the  calorimeter  is  carefully  observed 
and,  when  it  is  found  to  be  uniform,  the  charge  is  fired.  The  rise 
of  temperature  during  the  combustion  is  noted  through  a  series 
of  readings  until  the  maximum  is  reached  and  the  readings 
are  continued  after  the  maximum,  to  determine  the  after  influ- 
ence of  the  water  jacket  upon  the  calorimeter.  Proper  correction 
is  made  for  the  amount  of  heat  introduced  through  the  fuse-wire, 
the  melting  of  which  is  timed  with  an  accurate  stop  watch,  from 
the  dropping  off  of  the  needle  of  an  ammeter  placed  in  circuit. 

After  the  combustion,  the  bomb  is  removed  from  the  calo- 
rimeter, placed  in  the  screw  clamp,  the  products  of  combustion 
drawn  out,  and  analyzed,  if  desired,  to  prove  that  the  combustion 
was  complete,  the  acids  formed  by  the  combustion  washed  down 
and  carefully  drawn  out  and  the  nitric  and  sulphuric  acids  formed 
determined  by  aj^propriate  methods.  A  somewhat  elaborate 
calculation  is  now  required  to  correct  the  determination  for  the 
influence  of  the  surroundings,  acids  formed,  fuse  and  stirrer,  but 
these  corrections  can  all  be  made  with  the  utmost  precision,  by 
calculation  from  the  very  accurate  and  reliable  data  wliich  have 
been  obtained.  Jn  short,  a  result  is  obtained  which  accurately 
and  positively  indicates  the  true  calorific  value  of  the  fuel,  without 
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loss  of  any  kind,  provided  that  the  accuracy  of  all  the  instriunonts 
used  has  been  carefully  verified. 

The  above  instrument,  therefore,  fiu-nishes  us  the  means  of 
determining  with  very  great  acciu^acy  the  true  calorific  power 
of  combustililes,  it  l)eing  assumetl,  of  course,  that  all  the  precau- 
tions wliich  have  been  pointed  out  as  necessary  in  securing  the 
samples  have  been  taken. 

The  writer  has  suggested  that  the  only  sure  and  logical  manner 
of  purchasing  coal  is  on  a  basis  of  its  quality,  as  shown  by  analysis, 
and  its  correct  fuel  value  by  calorimeter  test.  Tliis  work  is  ex- 
clusively the  work  of  the  coal  specialist,  for  many  reasons;  partly 
because  he  is  best  fitted  to  do  it  accurately,  partly  also  because 
his  position  between  the  two  parties  is  that  of  an  umpire.  Aside 
from  the  fact  that  such  work  as  has  here  been  described  is  seldom 
done  with  even  an  approximation  to  correctness,  the  fact  remains 
that  neither  the  sampling  nor  the  calorimeter  test  of  either  the 
producer  or  the  consumer  can  be  reciprocally  acceptable  to  the 
other.  Two  examples  taken  from  the  writer's  experience  may 
serve  to  make  this  clear. 

A  certain  lot  of  10  000  tons  of "  Pocahontas  "  coal  was  objected 
to  by  a  consumer,  on  the  score  of  clinkers.  The  coal  dealer  and 
the  consumer  sampled  it  together,  taking  out  a  sample  weighing 
65  pounds,  and  the  recjuest  was  made  of  the  consumer  to  send 
the  sample  to  the  writer's  laboratory.  But,  for  some  reason, 
which  opens  up  a  field  for  speculation,  he  sent  only  lOf  pounds. 
The  analysis  showed: 

Ash 28.63  per  cent. 

Numerous  analyses  of  Pocahontas  coal,  made  bj^  the  writer, 
show  that  this  coal  generally  carries  on  an  average: 

Ash 6.16  per  cent. 

Agreement  ujDon  the  basis  of  28.63  per  cent,  ash  being  out  of 
the  question,  the  writer  was  called  upon  to  sample  the  lot  of  coal 
systematically,  the  result  showing: 

Ash 10.62  per  cent. 

This  result  while  showing  that  this  lot  of  coal  was  not  up  to  its 
average  quality  also  serves  to  show  the  unreliability  of  the  sample 
sent  by  the  consumer. 
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Again,  the  writer  has  analyzed  the  same  coal  as  furnished  for 

test  runs  on  cruisers.     J^very  lump  passes  through  the  hands  of 

three  men  who  reject  any  one  containing  the  slightest  trace  of 

impurity;  the  coal  is  then  shipped  in  bags.     This  coal  showed: 

Ash 1.65  per  cent. 

Yet  there  are  many  published  analyses  of  coals  showing  even 
less  ash  than  the  above  extraordinary  result,  which  the  coal 
dealers  seriously  ask  us  to  believe  fairly  represent  the  quality  of 
the  coal. 

These  results,  from  the  two  different  points  of  view,  sinijjly 
show  that  the  sampling  or  analysis  of  the  two  interested  parties, 
however  w^ell  done,  can  never  afford  satisfactory  ground  upon 
which  they  can  meet. 

The  question  must  be  settled  by  the  coal  chemist,  or  specialist, 
acting  as  an  umpire,  and  the  accuracy  with  which  his  work  is 
performed  should  serve  as  a  guaranty  of  fairness  to  both  parties. 

The  system  which  has  here  been  suggested  is  perfectlj'  practical 
and  fair,  and  the  waiter  is  convinced  that  all  large  purchases  of 
coal  will  soon  be  made  on  that  basis. 

DISCUSSION. 

Pres.  E.  C.  Brooks.  We  have  listened  with  a  great  deal  of 
interest  to  this  paper,  and  I  should  like  it  if  some  of  our  mem- 
bers who  are  familiar  with  the  subject  would  give  us  the  benefit 
of  some  discussion. 

Mr.  Robert  Spurr  Weston.*  Mr.  President,  Mr.  Williams 
has  so  well  covered  the  whole  ground  in  such  an  authoritative 
manner  and  with  such  detail  and  care,  that  it  seems  superfluous 
for  the  speaker  to  make  any  remarks  on  the 'subject. 

One  little  point,  however,  comes  to  mind,  namel}^,  the  percent- 
age of  a  fuel  which  can  be  utilized.  It  has  always  seemed  that 
we  should  do  a  great  deal  more  analytical  work  on  the  material 
left  in  the  ash  pile  than  we  have  done.  The  subject  is  somewhat 
analogous  in  this  respect  to  the  feeding  of  human  beings.  We 
know  that  certain  foods  which  have  liigher  calorific  values  than 
others  do  not  support  the  body  as  well  as  others  of  lower  values, 

*  Sanitary  Engineer  and  Expert,  Boston,  Mass. 
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simply  because  the  body  utilizes  a  smaller  percentage  of  the 
richer  foods  than  it  does  of  the  poorer.  Therefore,  it  seems  to 
the  speaker  that  we  should  also  study  the  coal  with  respect  to 
the  boilers  that  it  is  to  be  used  under,  because  certain  coals  will 
be  more  economical  to  use  with  certain  steam  plants  than  they 
will  with  others,  independently  in  some  measure  of  their  thermo- 
chemical  value.  If  we  knew  the  fuel  value  of  the  ash  from  our 
large  steam  plants,  we  should  be  able  to  judge  the  value  of  the 
coal  to  the  consumer  more  accurately.  This,  however,  has  to  do 
with  the  combustion,  not  the  purchase,  of  fuel. 

I  think  that  the  position  of  the  author,  Mr.  Williams,  is  very 
well  taken,  that  all  large  quantities  of  coal  should  be  purchased 
on  the  basis  of  the  analysis  rather  than  on  that  of  the  brand  of 
coal.  Mr.  Williams  has  contributed  a  most  interesting  and 
useful  paper,  and  all.  especially  those  of  us  who  have  done  labora- 
tory work,  can  testify  to  the  skill  of  his  demonstration. 

The  President.  I  would  say  in  regard  to  what  Mr.  Weston 
has  said  about  the  ash  pile,  that  I  think  it  only  requires  a  verj' 
casual  inspection  of  lots  of  ash  piles  to  see  that  the  value  of  the 
fuel,  a  large  part  of  it,  at  least,  is  out  on  the  dump. 

Mr.  Edw'ard  Atkinson.*  Mr.  President,  knowing  nothing  of 
physics  or  chemistry,  it  is  perhaps  unbecoming  for  me  to  say  any- 
thing. My  memory  probably  goes  back  further  than  that  of 
any  other  man  as  to  the  practical  application  of  fuel  in  the  steam 
cotton  mill,  recalling,  as  I  do,  the  first  steam  cotton  mills  that 
were  built.  At  that  time,  of  course,  the  practice  was  all  empirical, 
and  buyers  bought  only  lump  anthracite  coal,  thinking  that  the 
best,  and  from  that  we  have  come  down  to  the  refinement  so 
accurately  presented  by  Mr.  Williams.  When  I  was  a  buyer  of 
coal  on  a  large  scale,  more  than  twenty-five  years  ago,  I  began 
to  take  notes  of  all  the  various  devices  and  of  all  the  merits  of  one 
kind  of  coal  and  another,  and  presently  I  thought  I  would  com- 
pute them  together.  I  found  that  if  I  adopted  the  coals  one 
after  the  other  by  which  I  was  to  save  twenty-five  cents  a  ton,  and 
then  applied  the  various  devices  for  saving  in  the  use  of  that  coal. 
I  should  get  to  the  point  where  my  coal  would  cost  me  nothing, 
and  I  should  be  paid  a  bonus  for  taking  it. 

*  President,  Boston  Manufacturers  Mutual  Insurance  Company. 
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Later  I  took  charge  of  the  Boiler  Mutual,  and  then  I  found  that 
I  ought  to  know  a  little  more  than  1  did,  and  I  had  to  pick  out 
men  who  knew  more  than  I  did,  in  order  to  conduct  my  part. 
My  first  point  there  was  to  find  out  something  about  the  relative 
consumption  of  coal  in  different  establishments.  I  adopted 
my  customary  plan  of  agreeing  not  to  disclose  the  names  of  any 
of  my  clients,  and  I  sent  out  circulars  to  a  large  number.  They 
were  using  all  the  various  devices,  down  draft  and  coal  savers 
and  smoke  consumers,  and  all. those  things.  I  obtained  state- 
ments ranging  all  the  way  from  1.1  poimds  per  horse  power  to 
5  pounds,  and  I  found  that  there  was  no  relation  one  to  the  other, 
either  in  the  devices  that  they  used  for  saving  fuel,  or  in  automatic 
firing  or  hand  firing,  and  that  there  was  no  real  basis  to  be  estab- 
lished from  comparison  or  practice.  All  those  results  have  been 
tabulated  in  one  of  my  reports,  and  I  will  send  a  copy  of  that 
report  to  any  member  of  the  Association  who  will  drop  me  a  postal 
card. 

Then  came  up  the  calorific  value  of  coals.  I  took,  not  the  re- 
fined methods  that  have  been  shown  here  to-da}',  but  I  chose 
my  consulting  engineer,  Mr.  R.  S.  Hale;  tests  were  made  with 
the  bomb  calorimeter  for  establishing  an  average  range  of  the 
calorific  value  of  the  different  types  of  coal  which  are  offered  in  this 
market,  by  wliich  in  an  approximate  manner  the  relative  value 
of  the  average  coal  offered  under  different  names  could  be  estab- 
lished. We  took  Pocahontas  coal  as  the  standard  of  one  hundred 
and  compared  with  that  all  the  different  types  of  coal  now  offered 
hereabouts.  That  has  all  been  tabulated,  and  I  have  that  report 
and  will  send  it  to  any  member  of  the  Association  who  will 
drop  me  a  postal  card. 

All  these  things  are  interesting  and  of  the  utmost  importance. 
There  can  be  no  doubt  whatever  that  coal  should  be  bought  only 
after  careful  examination,  especially  in  large  quantities,  either 
of  the  most  refined  character,  or  in  a  general  way  so  as  to  reach 
as  close  a  result  as  can  be  obtained.  This  course  will  be  necessary 
during  the  temporary  use  of  coal  in  New  England.  I  think  the 
use  of  coal  for  steam  boiler  purposes  is  rapidly  passing,  and  I 
expect  to  see  gaseous  fuels  and  the  gas  engine  rapidly  take  its 
place  for  stationary  purposes. 
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Mr.  Edavard  AV.  Bemis.*  I  do  not  feel  competent,  Mr.  Presi- 
dent, to  discuss  the  theoretical  aspects  of  this  valuable  paper. 
All  I  can  say  directly  upon  it  is  that  we  believe  in  the  principle 
of  this  testing  of  coal,  and  apply  it  when  we  purchase  coal  for 
our  water  works  in  Cleveland.  We  are  buying  three  or  four 
cars  on  the  average  every  day  throughout  the  year,  usually  Pitts- 
burg slack,  and  every  car  is  tested.  We  have  an  agreement 
with  the  companies  from  which  we  buy  —  just  now  it  is  with 
the  Pitts])urg  Coal  Company,  last  year  it  was  with  another  —  by 
which  they  agree  to  abide  by  our  determinations.  But  I  have 
often  thought  it  would  be  fairer  if  there  were  some  scientific 
laboratory  in  our  city  where  the  determinations  could  be  made. 
At  the  time  when  coals  are  offered  in  comj^etition  for  the  con- 
tract for  the  year,  we  have  a  full  test,  an  eight-hour  run  of  the 
coal,  and  the  bidders  in  competition  for  the  contract  have  to 
agree  to  furnish  coal  ec[ually  good  throughout  the  year,  so  we 
make  their  samples  the  standard.  And  then  whichever  com- 
pany is  finally  awarded  the  contract,  it  is  on  the  basis  of  the 
value  of  its  coal  as  shown  in  the  full  test  and  also  in  the  calo- 
rimeter test,  and  the  company  is  under  a  contract  to  allow  us  to 
reduce  the  price  proportionately  to  the  results  of  our  tests  from 
time  to  time  as  compared  with  the  sample  car.  We  do  not  give 
them  an  increased  price  for  better  quality,  but  they  agree  to  abide 
by  the  conditions  of  the  specifications,  which  provide  that  there 
shall  be  a  reduction  for  poorer  quality.  It  is  understood,  however, 
that  it  shall  not  be  made  on  very  small  percentages,  but  only 
when  in  our  judgment  there  is  a  marked  falling  off.  Of  course 
the  more  accurate  methods  which  have  been  detailed  here  to-day 
would  be  very  valualile  for  us,  but  we  do  not  happen  to  have  in 
Cleveland  a  laboratory  outside  of  the  water  works,  except  a  com- 
mercial one.  There  is  one  that  we  used  for  two  years,  but  that 
is  simply  a  private  laboratory  that  tests  coal,  and  we  finally 
decided  that  we  preferred  to  do  it  in  our  own  laborator}'.  If 
there  were  a  laboratory  connected  with  the  Western  Reserve 
University,  we  should  be  glad  to  avail  ourselves  of  it. 

Mr.  Atkinsox.     Isn't  there  one  at  the  Case  School? 

Professor  Bemis.     There  is  a  laboratory  at  the  Case  School 


*  Superintendent  of  Water  Works,  Cleveland,  Ohio. 
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where  they  have  tested  coal,  but  they  don't  do  it  commercially 
yet,  at  least  on  any  large  scale.  Professor  Benjamin  and  others 
talked  about  establishing  a  department,  I  think,  some  months  ago, 
but  I  have  heard  nothing  about  it  since. 

.Mr.  Atkixsox.  I  will  state  that  the  case  where  I  found  an 
expenditure  of  5  pounds  of  coal  per  horse-power  on  an  annual 
consumption  of  .'^0  000  tons  wasn't  very  far  from  Cleveland.  I 
think  they  need  something  of  this  kind  out  there. 

Professor  Bemis.     They  certainly  do. 

Mr.  Willlvms.  i\Iay  I  inquire  on  just  what  basis  the  reduction 
in  price  is  made?  For  instance,  supposing  one  car  load  is  furnished 
and  is  satisfactory  and  the  price  is  settled  on  that;  on  what  basis 
is  the  reduction  made,  and  how  great  is  the  reduction  in  case  the 
coal  does  not  come  up  to  the  standard  of  the  car  load? 

Professor  Bemis.  Thus  far  we  have  taken  the  average  for  each 
month  and  only  make  a  reduction  in  case  the  average  falls  l^elow 
to  a  considerable  degree.  During  the  three  years  in  which  we 
have  tested  every  car  we  have  only  found  it  necessary  to  dock 
the  coal  company  on  three  or  four  cars.  This  method,  of  course, 
is  not  entirely  fair  to  us.  because  the  value  of  the  coal  would 
fall  off  to  a  very  much  larger  percentage  than  the  percentage  of 
B.  T.  U.'s.  However,  we  have  made  a  reduction  occasionally, 
which  tends  to  keep  the  company  up  to  time.  The  fact  that  we 
are  testing  every  car  is  itself  a  very  good  check. 

Mr.  Williams.  I  wished  to  know  if  the  reduction  is  exactly 
proj^ortional  to  the  decreased  heating  power?  For  instance, 
if  the  quality  of  coal  agreed  upon  costs  $2.00  per  ton  and  the 
cjuality  delivered  shows  only  90  per  cent,  of  the  heat  units  of  the 
standard,  do  you  pay  only  90  per  cent,  of  $2.00  per  ton? 

Professor  Bemis.  That  is  the  idea  in  the  contract .  In  deciding 
how  to  award  the  contract  at  the  start,  we  go  into  a  very  exhaus- 
tive analysis,  by  an  eight-hour  run,  taking  one  car  one  day  and 
another  car  the  next,  and  the  agents  of  the  companies  are  allowed 
to  be  present  while  their  sample  car  is  tested.  The  agents  have  to 
agree  that  the  coal  furnished  is  a  fair  sample  of  the  coal,  and  each 
company  has  to  specify  the  mine  from  which  the  coal  is  to  be 
furnished,  and  the  agent  of  the  company  agrees  that  the  coal 
furnished  is  a  fair  sample  of  the  slack  coal  from  that  mine.     Before 
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we  begin  to  test  we  have  that  agreed  to  by  the  competitors.  Then 
we  have  a  run  with  our  engineers  and  witli  theirs  present,  and  on 
the  result  of  that  is  figured  out  which  coal,  taking  into  account 
the  value  of  .the  coal  for  making  steam,  is  the  cheapest.  Of 
course,  v/e  also  run  the  coal  for  a  few  days  after  the  test  to  see 
how  it  acts  on  our  grates,  to  see  whether  it  works  up  satisfactorily 
in  every  way,  and  usually  it  does. 

Mr.  a.  0.  DoANE.*  At  the  Metropolitan  Water  Works  for  the 
past  few  years  we  have  made  tests  of  coal,  and  while  they  may 
not  have  been  absolutely  accurate,  the  result  has  been  very  satis- 
factory in  the  quality  of  coal  furnished.  The  moral  effect  of 
testing  was  good,  as  the  dealers,  knowing  that  the  coal  was  to  be 
tested,  have  been  a  little  shy  about  trying  to  put  off  on  us  any 
poor  coal.  We  test  the  coal  that  is  offered  by  different  dealers, 
and  do  not  depend  on  any  small  sample  which  is  sent  in,  but  if 
possible  find  where  a  cargo  of  the  coal  has  been  delivered,  go  there 
and  get  a  sample  in  much  the  same  way  Mr.  Williams  has  described  ; 
that  is  a  great  point,  to  get  a  representative  sample,  then  we 
make  a  test  and  also  get  all  possible  information  from  parties 
who  are  using  the  coal  as  to  how  it  burns  on  the  grates;  because 
the  calorimeter,  while  it  determines  the  amount  of  heat  units 
present  or  the  calorific  power  of  the  coal,  does  not  determine  in 
all  cases  whether  the  coal  is  suitable  for  a  particular  plant  or  not. 
The  particular  type  of  boiler  in  use  may  give  better  results  with 
one  kind  of  coal  than  another,  so  that  point  is  always  looked 
into. 

I  should  like  to  say  something  about  specifications.  Many 
specifications  call  for  a  coal  which  is  equal  to  some  well-known 
brand,  but  that  of  course  is  rather  indefinite.  That  is,  we  may 
specify  equal  to  George's  Creek,  but  who  knows  exactly  what 
George's  Creek  is?  It  varies  considerably,  and  you  need  really 
to  specify  the  mine  and  the  shaft;  I  have  thought  for  a  long  time 
that  something  of  a  more  scientific  nature  would  be  much  better. 
I  should  like  to  ask  Mr.  Williams  if  he  has  any  general  specifica- 
tion in  mind,  or  whether  it  would  be  feasible  to  make  a  general 
specification  on  a  scientific  Ijasis  that  people  could  use  in  buying 
coal. 


*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass. 
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Mr.  Williams.  I  believe  that  it  is  entirely  feasible  to  lay 
down  specifications  for  biiyino;  coal,  based  upon  its  ciuality  and 
heating  power,  that  would  result  in  large  economies  and  that 
would  be  perfectly  fair  to  l)oth  parties.  .An  actual  example  of 
the  manner  in  which  the  scientific  results  can  be  practically  applied 
will  serve  to  make  this  clear.  The  I'nited  States  Government 
is  now  buying  all  of  its  coal  for  public  buildings  on  the  basis  of 
heat  units,  determined  in  one  of  my  calorimeters,  established 
some  years  ago  at  Washington.  Some  $220  000  worth  of  the 
best  steaming  coals  are  contracted  for  at  one  time. 

The  dealers  originally  furnished  selected  samples  of  the  kind 
of  coal  which  they  agreed  to  deliver  and  the  award  w^as  made 
])y  simply  looking  at  the  samples.  It  is  quite  impossible  to  obtain 
definite  knowledge  of  the  value  of  any  coal  by  simple  inspection, 
much  less  to  discriminate  between  two  coals  of  nearly  the  same 
quality  but  of  slightly  different  appearance.  It  is  a  fact,  however, 
that,  in  spite  of  the  agreement,  the  ciuality  of  coal  delivered  seldom 
came  up  to  that  of  the  samples  submitted  with  the  bids.  The 
next  time  that  these  were  sent  in,  the  fuel  value  of  all  the  samples 
sul)mitted  was  determined,  and  the  contract  was  awarded  to  a 
coal  showing  15  000  B.  T.  U.  per  poimd  and  costing  $3.00  per  ton. 
Deliveries  of  12  000  or  15  000  tons  at  a  time  then  began  to  be 
made.  These  also  were  carefully  sampled  and  analyzed,  showing, 
we  will  say,  only  12  000  B.  T.  U.  per  pout.d.  The  agreement 
calling  for  coal  of  15  000  B.  T.  U..  the  Government  simply  paid 
for  what  it  received:  viz.,  twelve-fifteenths  of  $3.00,  or  $2.40  per 
ttn.  In  four  months  the  saving  amounted  to  fully  $8  000,  at 
an  estimated  expense  of  less  than  $500.  The  above  is  an  actual 
example. 

There  seems  to  l)e  no  reasen  whatever  why.  within  reasonable 
limits,  the  producer  should  not  be  reciuired  to  furnish  exactly 
the  grade  of  coal  specified,  and  the  price  settled  to  fit  the 
quality. 

This  would  undoubtedly  result  in  an  enormous  saving  to  the 
consumer  who  would  get  nnijorm  coal,  which  he  could  handle 
w'ith  greater  economy,  and  who  would  also  get  what  he  pays  for. 
It  would  seem  incredible  that  a  system  so  just  and  whose  advan- 
tages are  so  apparent  has  not  long  ago  been  put  in  practice,  were 
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it  not  for  the  many  confusing,  but  not  generally  understood 
difficulties,  which  have  stood  in  the  way.  These  difficulties, 
however,  are  now  very  nearly  under  control,  and  there  seems 
to  be  no  valid  reason  why  consumers  should  continue  to  purchase 
coal  with  their  eyes  shut,  and  suffer  the  conseciuences,  unless  they 
really  prefer  to  do  so. 

For  those  who  do  not,  the  following  plan,  among  many  which 
might  be  proposed,  seems  to  the  writer  to  be  the  simplest  for 
making  a  practical  use  of  the  scientific  results  in  purchasing  coal 
in  large  cpiantities: 

Specification . 

1.  For  the  producer  and  the  consumer  to  agree  to  abide  by 
the  results  of  the  analysis  and  calorimeter  test  of  the  coal,  which, 
however,  should  be  performed  with  the  degree  of  accuracy  which 
has  been  shown  to  be  necessary,  so  that  the  result  may  be  con- 
clusive. 

2.  Then  to  agree  upon  a  method  of  sampling  the  coal,  follow- 
ing substantially  the  lines  that  have  been  laid  down,  that  shall 
make  it  possible  to  secure  a  thoroughly  reliable  representative 
sample  of  the  coal. 

3.  To  perform  this  sampling  in  the  presence  of  a  representative 
of  each  party  interested,  the  same  as  is  done  when  valuable  lots 
of  rich  ore  are  being  sampled. 

4.  To  send  the  sample  for  examination  to  a  coal  specialist  of 
acknowledged  reputation,  acting  as  an  umpire,  who  alone  is 
capable  of  furnishing  the  reliable  and  conclusive  results  which 
both  parties  can  accept. 

Where  facilities  for  fine  pulverizing  of  the  coal  do  not  exist, 
samples  of  from  20  to  25  pounds  should  be  sent,  but  where  the 
work  can  be  properly  carried  to  completion,  samples  as  small  as 
two  ounces,  or  even  less,  which  can  readily  be  forwarded  by  mail, 
with  little  or  no  delay,  are  sufficient. 

It  makes  very  little  difference,  therefore,  whether  the  laboratory 
where  the  information  can  best  be  obtained  is  situated  in  Boston 
or  in  San  Francisco,  its  results  are  readily  available  to  all,  and  the 
advantages  which  result  from  the  application  of  such  a  system, 
whether  carried  out  in  the  manner  suggested  or  in  a  slightly 
modified  form,  are  so  apparent  that  they  seem  to  fully  justify 
all  that  the  writer  has  said  upon  the  subject. 
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PROCEEDINGS. 
December  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  December  14,  1904. 
President  Edwin  C.  Brooks  presiding. 
The  following  members  and  guests  were  present: 

Members. 
S.  A.  Agnew,  Edward  Atkinson,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E. 
Beals,  E.  W.  Bemis,  F.  D.  Berry,  J.  M.  Birmingham,  E.  C.  Brooks,  Frederick 
Brooks,  George  Cassell,  G.  F.  Chace,  J.  C.  Chase,  R.  C.  P.  Coggeshall,  M.  F. 
CoUins,  G.  E.  Crowell,  A.  W.  Cuddeback,  A.  O.  Doane,  L.  S.  Doten,  C.  R. 
Felton,  F.  F.  Forbes,  A.  D.  Fuller,  A.  S.  Glover,  F.  W.  Gow,  J.  O.  Hall,  L.  ^l. 
Hastings,  V.  C.  Hastings,  T.  G.  Hazard,  Jr.,  Allen  Hazen,  D.  A.  Heffernan, 
H.  G.  Holden,  W.  E.  Johnson,  W.  S.  Johnson,  E.  W.  Kent,  Willard  Kent,  J.  W. 
Killam,  G.  A.  King,  L.  P.  Kinnicutt,  E.  S.  Larned,  J.  W.  Locke,  H.  V.  Macksey, 
D.  A.  Makepeace,  A.  E.  Martin,  W.  E.  Maybury,  John  Mayo,  A.  S.  Merrill, 
F.  E.  Merrill,  E.  M.  Peck,  H.  E.  Perry,  J.  B.  Putnam,  W.  W.  Robertson, 
C.  W.  Sherman,  G.  H.  Snell,  G.  A.  Stacy,  J.  T.  Stevens,  C.  N.  Taylor,  R.  J. 
Thomas,  W.  H.  Thomas,  D.  N.  Tower,  W.  H.  Vaughn,  C.  K.  Walker,  R.  S. 
Weston,  F.  B.  Wilkins,  F.  I.  Winslow,  G.  E.  Winslow.  —  65. 

Honorary  Member. 
Desmond  FitzGerald.  —  1 . 

Associates. 
H.  a.  Desper;  H.  L.  Bond  &  Co.,  by  Harold  L.  Bond;  Chapman  Valve 
Mfg.  Co.,  by  Edward  F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Green- 
wood &  Daggett  Co.,  by  George  F.  Chace;  Hersey  Mfg.  Co.,  by  Albert  S. 
Glover,  J.  A.  Tilden  and  Walter  A.  Hersey;  Lead  Lined  Iron  Pipe  Co.,  by 
Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Mueller 
Mfg.  Co.,  by  F.  B.  Mueller  and  W.  L.  Dickel;  National  Meter  Co.,  by 
Chas.  H.  Baldwin  and  J.  G.  Lufkin;  Neptime  Meter  Co.,  by  H.  H.  Kin.sey; 
Ren.sselaer  Mfg.  Co.,  by  F.  8.  Bates  and  C.  L.  BrowTi;  Ross  Valve  Co.,  by 
Wm.  Ross;  George  H.  Sampson,  by  W.  T.  Page;  A.  P.  Smith  Mfg.  Co.,  by 
F.  N.  Whitcomb;  Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham;  Thomson 
Meter  Co.,  by  S.  D.  Higley;  R.  D.  Wood  &  Co.,  by  Wm.  F.  Woodburn.  —  23. 
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Guests. 

Hon.  F.  R.  S.  Mildon,  Mayor,  and  George  R.  Hall,  Marlboro,  Mass.;  J.  J. 
Moore,  Hinghani,  Mass.;  H.  8.  Brown,  Boston,  Mass.;  and  W.  H.  Van  Winkle, 
of  the  Water  Works  Equipment  Co.,  New  York  City.  —  5. 

(Names  coimted  twice.  —  3.) 

The  President.  I  have  been  asked  to  appoint  a  member  of 
the  Committee  on  Meter  Rates  to  fill  the  vacancy  caused  by  the 
death  of  Mr.  George  P.  Wescott,  and  I  will  name  Mr.  Charles  F. 
Knowlton  of  Quincy. 

Mr.  Charles  K.  Walker.*  Before  we  proceed  to  the  regular 
business  of  the  afternoon,  Mr.  Chairman,  I  want  to  say  a  little 
something.  Here  is  a  recommendation  which  was  sent  to  Man- 
chester by  insurance  people.  It  came  in  a  letter  from  the  office 
of  the  National  Board  of  Fire  Underwriters. 

New  York,  November  10,  1904. 
Mr.  Charles  E.  Manning, 

President  Board  of  Tla/er  Commissioners,  Manchester,  N.  H. 
Dear  Sir,  —  We  now  hand  you,  at  the  suggestion  of  our  inspector,  a  copy 
of  the  recommendations  relative  to  improvements  in  the  Fire  Department 
and  water  supply  of  Manchester,  and  asking  your  co-operation  in  .securing 
the  same,  remain, 

Yours  truly, 

(Signed)     H.  K.  Miller, 

General  Agent. 

"SUMMARY  OF  RECOMMENDATIONS,"  MANCHESTER,  N.  H. 

Inspected,  Decemher  21,  1897.     Reinspecled,  October  19,  1904. 

Fire  Department. 

1.  There  is  a  necessity  for  the  organization  of  an  additional  fire  company 
to  consist  of  1  permanentl}-  employed  captain,  1  engineer  for  steamer  and 
2  drivers,  also  10  call  service  firemen,  4  horses,  equipped  with  1  second-class 
steam  fire  engine,  1  combination  and  chemical  hose  wagon  with  double 
35-gallon  cylinders,  at  least  2  000  feet  of  first-class  fire  hose  and  service 
appliances.  This  company  should  be  suitabty  located  at  the  vicinity  of 
Hill  and  Silver  streets.  Building  improvements  are  rapidly  increasing, 
also  extensive  shoe  manufactories  located  nearby,  and  without  adequate 
protection  from  the  city  service. 

2.  All  electric  fire-alarm  waring  should  be  placed  in  an  underground  conduit, 
to  insure  safety  from  damage  by  storms  and  high  winds. 

*  Superintendent  of  Water  Works,  Manchester,  N.  H. 
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3.  The  present  storage  battery  of  firc-alarni  system  should  be  strengthened 
or  replaced  by  an  impro\ed  new  battery. 

I.  The  requirements  of  the  ordinance  prohibiting  the  erection  of  wooden 
buildings  and  frame  out-structures  wthin  the  established  fire  limits,  should 
be  strictly  enforced. 

Water  Supply. 

1.  The  entire  amount  of  20-inch  diameter,  cement  lined  force  main  should 
be  replaced  by  standard  cast-iron  pipe. 

2.  Owing  to  the  uncertainty  of  the  flow  of  water  from  the  lake,  to  operate 
the  water-power  pumps,  there  is  a  necessity  for  installing  one  steam-power 
pumping  engine,  capacity  of  8  000  000  gallons  per  diem,  at  the  low-service 
station  for  reserve  or  emergency  service. 

3.  The  present  use  2|-inch  diameter  hose  connections  on  fire-service 
hydrants  should  be  replaced  by  standard  2i-inch  diameter  hose  and  steamer, 
connecting  discharge  outlets,  to  insure  quick  service  and  an  increased  flow 
of  water. 

Now,  I  want  to  tell  you,  gentlemen,  that  it  would  cost  $250  000 
to  do  this  work,  and  that  is  considerable  money  for  Manchester. 
We  have  a  supply  from  the  high  service  with  all  cast-iron  pipe, 
but  the  fire  insurance  companies  want  us  to  lay  out  $250  000. 
Well,  I  think  they  had  better  get  out.  (Laughter.)  They  have 
had  all  the  water  they  wanted  up  to  this  time,  they  have  had  an 
abundant  water  supph^  and  they  have  had  good  luck.  For  an 
insurance  company  to  come  into  the  city  of  Manchester  and  tell 
us  what  to  do  is  something  I  can't  understand.  I  don't  think  it 
is  right  and  I  don't  think  it  is  fair,  when  they  have  had  all  the 
water  they  wanted,  for  them  now  to  ask  us  to  spend  $250  000 
more.  I  have  brought  this  to  your  attention,  gentlemen,  so 
you  can  think  it  over  and  tell  the  citizens  of  Manchester  what 
they  ought  to  do.  I  have  read  this  so  you  can  see  what  we  have 
to  contend  against.  We  have  about  so  much  money  and  so 
many  water  takers,  and  we  want  the  plant  to  pay  for  itself,  and 
we  want  to  keep  within  our  means.  We  don't  propose  to  run 
into  debt  because  some  fire  insurance  company  comes  up  there 
and  tells  us  what  we  ought  to  do. 

Mr.  William  Ross.  They  told  us  in  the  city  of  Troy  that  we 
would  have  to  spend  so  much  moncn^  or  they  would  put  a  little 
pink  slip  on  our  policies. 

Mr.  Edward  Atkinson.  I  would  ask  the  gentleman  from 
Manchester  to  discriminate  a  bit  when  he  speaks  of  insurance 
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companies,  and  tell  us  what  kind  of  insurance  companies  they 
were.      I  should  Hke  to  know  where  these  demands  came  from. 

Mr.  Walker.  I  am  glad  Mr.  Atkinson  is  after  me,  because 
I  am  after  him.  (Laughter.)  There  is  no  place  in  the  New  Eng- 
land states  where  they  have  better  fire  service  than  in  Manchester, 
N.  H.,  and  I  know  there  has  been  all  the  water  that  was  needed 
in  case  of  fire.  Now,  we  don't  propose  to  give  the  insurance  folks 
all  there  is  in  the  city. 

Mr.  Atkinson.  The  factories  in  Manchester  that  I  am  con- 
nected with  have  had  an  ample  supply  of  water  that  they  have 
provided  for  themselves. 

Mr.  Walker.     I  am  glad  of  it. 

The  Secretary  read  the  following  communication: 

METROPOLITAN  WATER  BOARD. 

Chief  Engineer's  Department, 

Savoy  Court,  Strand,  London,  W.  C,  November  28,  1904. 
Dear  Sir,  —  I  am  exceedingly  obliged  to  you  for  your  letter  dated  Novem- 
ber 17  informing  me  that  I  had  been  elected  as  an  honorary  member  of  the 
New  England  Water  Works  Association.  Will  you  please  convey  my  thanks 
to  your  Association,  and  state  that  I  am  exceedingl}-  pleased  to  be  elected 
an  honorary  member. 

Yours  truly, 

(Signed)     AVilliaii  B.  Bryan. 

George  E.  Gilchrist  &  Co.  of  Boston,  manufacturers  and  jobbers 
of  steam,  gas,  and  plumbing  materials,  were  elected  to  associate 
membership. 

The  first  paper  of  the  afternoon  AAas  presented  by  Leonard  S. 
Doten,  civil  engineer,  Quartermaster's  Department,  United  States 
Army,  Boston,  Mass.,  it  being  "  A  Description  of  the  Concrete- 
Steel  Water  Tower  and  Standpipe  at  Fort  Revere,  Hull,  Mass." 
The  paper  was  discussed  b}^  Edward  Atkinson,  F.  I.'Winslow, 
A.  0.  Doane,  and  Charles  N.  Taylor. 

Mr.  Henr}'  J.  Williams,  chemical  engineer,  Boston,  Mass.^ 
read  a  paper  entitled,  "  The  Advantage  of  a  Scientific  Basis  for 
Determining  the  Value  of  Fuels,"  and  gave  a  practical  demon- 
stration of  a  calorimeter  test.  On  motion  of  Mr.  Charles  W. 
Sherman,  a  vote  of  thanks  was  tendered  to  Mr.  Williams.     The 
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subject  of  the  paper  was  discussed  by  Messrs.  Robert  S.  Weston, 
Edward  Atkinson,  Prof.  Edward  W.  Bemis,  and  Mr.  A.  O.  Doane. 
Adjourned. 

Annual  Meeting. 

Hotel  Brunswick, 

Boston,  January  11,  1905. 
President  Brooks  in  the  chair. 
The  following  guests  and  members  were  present: 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  J.  F.  Bigelow, 
J.  W.  Blackmer,  George  Bowers,  E.  C.  Brooks,  G.  A.  P.  Bucknam,  J.  T. 
Cavanagh,  J.  C.  Chase,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  J.  W.  Crawford, 
L.  E.  Daboll,  E.  R.  Dyer,  H.  P.  Eddy,  G.  E.  Evans,  J.  N.  Ferguson,  F.  F. 
Forbes,  F.  L.  Fuller,  A.  S.  Glover,  W.  J.  Goldthwait,  J.  W.  Goodell,  J.  W. 
Griffin,  J.  O.  Hall,  J.  C.  Hammond,  Jr.,  D.  A.  Hartwell,  D.  A.  Heffernan, 
G.  W.  Hawkes,  F.  W.  Hodgdon,  H.  G.  Holden,  E.  J.  Johnson,  Willard  Kent, 
F.  C.  Kimball,  G.  A.  Kimball,  G.  A.  King,  Horace  Kingman,  E.  S.  Larned, 
J.  W.  Locke,  Hugh  McLean,  H.  V.  Macksey,  A.  E.  Martin,  W.  E.  Maybury, 
A.  S.  Merrill,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller,  J.  F.  J.  Mulhall, 
F.  L.  Northrop,  O.  E.  Parks,  H.  D.  Parsons,  E.  L.  Peene,  J.  W.  Smith,  C.  W. 
Sherman,  G.  H.  Snell,  G.  A.  Stacy,  J.  T.  Stevens,  J.  J.  Sullivan,  R.  J.  Thomas, 
J.  L.  Tighe,  D.  N.  Tower,  W.  H.  Vaughn,  W.  J.  Wetherbee,  J.  C.  Whitney, 
F.  B.  Wilkins,  G.  E.  Winslow,  E.  Worthington,  Jr.,  F.  W.  Dean.  —  69. 

Honorary  Member. 

Desmond  FitzGerald.  —  1. 

Associates. 

Henry  A.  Desper;  Harold  L.  Bond  &  Co.,  by  Harold  L.  Bond;  Builders 
Iron  Foundry,  by  Fred'k  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by  Edward 
F.  Hughes;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Hart  Packing  Co.,  by  Horace 
Hart;  Hersey  Mfg.  Co.,  by  Albert  S.  Glover,  H.  D.  Winton  and  Walter  A. 
Hersey;  The  Fairbanks  Co.,  by  F.  A.  Leavitt;  Lead  Lined  Iron  Pipe  Co.,  by 
Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Mueller  Mfg. 
Co.,  by  W.  L.  Dickel;  National  Meter  Co.,  by  Charles  H.  Baldwin  and  J.  G. 
Lufkin;  Neptune  Meter  Co.,  by  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by 
J.  C.  Campbell;  Rensselaer  Mfg.  Co.,  by  Fred  S.  Bate's  and  C.  L.  Brown; 
Ross  Valve  Co.,  by  WQliam  Ross;  A.  P.  Smith  Mfg.  Co.,  by  F.  N.  Whitcomb; 
Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham;  Sweet  &  Doyle,  by  H.  L.  DeWolfe; 
Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter  Co.,  by  F.  L. 
Northrop  and  W.  F.  Hogan;  U.  S.  Cast  Iron  Pipe  &  Foundry  Co.,  by  W.  B. 
Franklin;  Walworth  Mfg.  Co.,  by  George  E.  Pickering;  R.  D.  Wood  &  Co., 
bv  Wm.  F.  Woodburn.  —  29. 
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Guests. 

Mrs.  Edwin  C.  Brooks,  Cambridge,  Mass.;  Mrs.  George  Bowers,  Lowell, 
Mass.;  Mrs.  H.  G.  Holden,  Nashua,  N.  H.;  Mrs.  John  C.  Chase,  Derry,  N.  H.; 
Mrs.  Ida  H.  Proctor,  Lowell,  Mass.;  Mrs.  R.  C.  P.  Coggeshall  and  Miss  Helen 
R.  Coggeshall,  New  Bedford,  Mass.;  Miss  Mabel  A.  Bancroft,  Reading,  Mass.; 
Mrs.  Charles  W.  Sherman,  Belmont,  Mass.;  Mrs.  George  E.  Pickering,  Mrs. 
George  A.  Kimball,  Somerville,  Mass.;  Mrs.  George  A.  Stacy  and  Mrs.  James 
F.  Bigelow,  Marlboro,  Mass.;  Mrs.  F.  F.  Forbes,  Brookline,  Mass.;  Miss 
Almira  Winslow,  Waltham,  Mass.;  Mrs.  H.  P.  Eddy,  Mrs.  Henrj^  A.  Desper, 
Miss  F.  W.  Desper,  Worcester,  Mass.;  F.  S.  Dewey,  P.  M.  Austin,  water 
commissioner,  C.  N.  Oakes,  clerk  water  board,  AVestfield,  Mass. ;  Miss  Alice 
S.  Corner,  Holyoke,  Mass.;  Mrs.  Willard  Kent,  Narragansett  Pier,  R.  I.; 
Mr.  and  Mrs.  Theodore  Moorehead,  Brookline,  Mass.;  Mr.  and  Mrs.  Henry  J. 
Williams,  Mr.  M.  C.  Hight,  Mrs.  A.  H.  Virtue,  Boston,  Mass.;  Mrs.  F.  W. 
Dean,  Lexington,  Mass.;  Mrs.  L.  E.  Daboll,  New  London,  Conn.;  Mr.  A.  E. 
Blackmer,  Plymouth,  Mass.;  Mr.  Charles  A.  Van  Keuren,  chief  engineer, 
Jersey  City,  N.  J.;  Mr.  John  H.  Cook,  Passaic,  N.  J.  —  34. 

(Names  counted  twice  —  3.) 

Presentation  of  Gavel. 

Mr.  John  C.  Chase.  Mr.  President,  it  lives  in  the  traditions 
of  an  ancient  fraternity,  whose  records  are  by  no  means  inscribed 
in  water,  that  the  gavel  is  an  emblem  of  authority  and  should  be 
in  the  hands  of  all  who  are  called  upon  to  preside  over  deliberative 
bodies.  For  more  than  a  score  of  3'ears  the  President  of  this  Asso- 
ciation has  been  without  the  dignity  conferred  by  the  emblem  of  his 
high  official  position.  The  omission  has  not  been  unnoticed,  and  as 
an  artificer  in  wood  as  well  as  a  purveyor  of  water,  it  gives  me  pleas- 
ure to  jjrovide  this  gavel,  and  ask  its  acceptance  by  the  Association. 

The  wood  from  which  it  is  made  comes  from  a  far  distant  state, 
which  was  for  many  years  my  home.  It  is  also  from  the  one- 
time estate  of  Cornelius  Harnett,  a  noted  Revolutionary  patriot, 
whom  Josiah  Quincy  visited  in  1770  and  styled  in  his  Memoirs  as 
the  "  Sam  Adams  of  North  Carolina."  Thus  again,  after  the 
lapse  of  a  century  and  a  third,  Massachusetts  and  North  Carolina 
touch  hands.  It  is  a  piece  of  water  oak,  a  tree  that  in  its  nature 
and  habitat  naturally  suggests  the  sturdy  character  and  growth 
of  our  Association  and  the  important  natural  element  in  whose 
procurement  and  distribution  for  public  supplies  and  the  safe- 
guarding of  its  purity  and  plenty  we  are  all  deeply  interested. 

And  now,  Mr.  President,  I  place  this  gavel  in  your  hands.     A 
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badge  which  I  have  seen  upon  your  person  indicates  that  you 
have  been  instructed  in  its  proper  use.  (Applause.)  During  the 
brief  time,  unfortunately,  in  which  you  Avill  have  the  privilege  of 
wielding  it  I  am  certain  that  it  will  be  used  with  credit  to  yourself 
and  satisfaction  to  those  over  whom  you  have  the  honor  to  preside, 
and  transmitted  in  due  time  to  A'our  successor.     (Applause.) 

The  President.  Mr.  Chase,  in  behalf  of  the  Association  I 
thank  you  sincerely  for  this  beautiful  and  appropriate  gift.  I 
have  pounded  the  table  during  the  last  year  with  a  knife  handle, 
as  my  predecessors  have  done  before  me.  and  I  am  glad  that 
hereafter  the  President  of  this  Association  will  have  a  more  fitting 
implement.  I  have  had  in  mind  that,  should  I  live  to  get  through 
with  my  duties  as  President,  unless  some  one  else  in  the  meantime 
should  have  done  so,  I  would  present  the  Association  with  a  gavel, 
but  I  am  pleased  to  have  had  my  intention  so  well  anticipated.  I 
assure  you  I  shall  tr}-  to  use  this  gavel  wdth  moderation  in  the  few 
minutes  remaining  for  me  to  use  it  and  then  will  gladly  transmit 
it  to  my  successor.     (Applause.) 

The  following  applications  for  membership  were  reported  as 
having  been  properly  approved  by  the  Executive  Committee: 

Resident.  —  Richard  K.  Hale,  Brookline,  Assistant  to  Robert 
Spurr  Weston,  Sanitary  Engineer;  Henry  J.  Williams,  Boston, 
Chemical  Engineer  and  Expert  on  Fuels;  Charles  T.  Main,  Win- 
chester, Chairman  of  Water  Board. 

N on-Resident.  —  W.  W.  Berry,  Centerville,  Iowa,  Superintend- 
ent of  Centerville  Water  Works. 

On  motion  of  Mr.  Coggeshall  the  Secretary  was  instructed  to 
cast  the  ballot  of  the  Association  in  favor  of  the  applicants,  and 
he  having  done  so  they  were  declared  elected  members. 

President  Brooks  then  delivered  his  annual  address. 

President's  Address. 
Gentlemen  of  the  New  England  Water  Works  Association,  — 
At  the  close  of  the  j^ear  it  is  fitting  that  we  should  review  the 
events  of  the  past  year  and  note  the  progress  made.  In  doing  so 
I  congratulate  the  Association  upon  its  continued  prosperitj^  and 
the  imflagging  interest  taken  by  the  membershi)'*  as  shown  by 
the  attendance  at  our  meetings. 
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Our  membership  has  suffered  a  loss  by  death  of  16  during  the 
past  year,  14  members  and  2  associates.  For  obituar}^  notices, 
I  would  refer  you  to  the  Journal,  where  a  brief  account  of  their 
work  will  be  found.  Our  membership  to-day  is  604,  compared 
with  586  of  the  last  year,  showing  quite  a  substantial  gain. 

The  financial  affairs  of  the  Association  are  in  a  ver}^  satisfactory 
condition,  although  not  showing  on  the  face  quite  as  well  as  the 
last  year;  still,  an  analysis  of  the  same  will  reveal  the  fact  that 
extraordinary  expenditures  were  met  this  year  which  were  prop- 
erly chargeable  to  other  years. 

The  Journal  fully  maintains  the  high  character  which  it  has 
held  for  past  years,  and  it  should  be  a  source  of  pride  to  the  Asso- 
ciation that  its  standing  among  the  scientific  journals  of  the  coun- 
try is  such  as  it  is,  and  too  much  praise  cannot  be  given  to  our 
Editor,  Mr.  Sherman,  and  his  good  work  in  connection  therewith. 

The  usual  meetings  have  been  held  the  past  year  at  this  hotel 
and  have  been  very  fully  attended. 

The  summer  excursion  to  Nantasket  was  a  perfect  success,  and 
the  fall  excursion  to  Holyoke  resulted  in  a  larger  meeting  than 
was  ever  held  before  by  the  Association.  I  think  we  should  all 
join  in  heartfelt  thanks  to  the  water-works  officials  and  to  the 
people  of  Holyoke  who  so  generously  contributed  in  every  way 
to  the  success  of  our  fall  meeting. 

The  papers  presented  during  the  year  have  been  of  more  than 
usual  interest  and  embrace  among  their  number  many  that  will 
be  sought  by  the  engineering  world  for  the  information  contained 
therein. 

I  wish  to  commend  the  Executive  Committee  for  their  regular 
attendance  at  the  meetings  and  for  the  help  they  have  been  to 
me  during  the  past  year. 

Our  Secretary  has  been  ever  zealous  in  forwarding  the  aims  and 
ends  of  the  Association,  and  to  him  too  much  praise  cannot  be 
given. 

Our  Advertising  Agent  has  shown  his  usual  energy  in  soliciting 
advertisements,  and  the  pages  of  the  Journal  show  the  result 
of  his  work. 

It  was  hoped  at  the  beginning  of  the  year  that  more  time  might 
be  given  at  the  meetings  to  the  matter  of  topical  discussion;   it 
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seems  to  be  the  feeling  with  a  large  portion  of  the  membership 
that  in  that  particular  part  of  the  work  of  the  Association  they 
are  most  interested  and  from  it  derive  most  benefit.  The  time  at 
our  disposal  at  the  meetings  prevents  anything  like  a  lengthy  dis- 
cussion, unless  the  papers  read  are  extremely  short.  Will  it  not 
soon  be  necessary  for  us,  in  order  to  increase  the  usefulness  of  the 
Association,  to  give  more  time  at  the  meetings,  and  have  a  fuller 
discussion  of  the  papers,  to  have  all  the  papers  printed  and  dis- 
tributed among  the  membership  before  the  meetings  so  that  the 
members  can  be  prepared  for  a  discussion  of  the  same?  The 
papers  need  thus  be  read  only  by  title,  and  absent  members  can 
present  written  discussions  to  be  read  by  the  Secretary.  In  many 
cases  where  a  member  cannot  be  present  a  written  discussion  by 
him  may  add  very  much  to  the  interest  of  the  papers  presented. 
I  make  this  suggestion  hoping  that  it  ma}'  be  considered  the  com- 
ing year. 

The  committee  having  charge  of  the  question  of  water  used  by 
private  fire  supplies  has  certainly  succeeded  in  attracting  wide- 
spread attention  to  the  subject,  and  I  earnestly  hope  that  a  very 
full  and  thorough  discussion  may  lead  to  some  satisfactory  solu- 
tion of  this  very  vexing  question. 

The  ])ast  year  a  committee  on  uniform  sizes  of  threads  for 
hydrants  and  hose  connections  has  been  appointed.  This  is  a 
matter  which  is  of  great  importance  in  cases  of  great  conflagra- 
tions where  fire  apparatus  is  called  from  neighboring  cities;  and 
although  the  subject  has  long  been  discussed  by  different  bodies, 
with  as  yet  little  success,  let  us  hope  we  may  be  able  to  accom- 
plish something  at  least  in  that  direction. 

The  committee  on  meter  rates  has  a  subject  under  consideration 
which  is  of  great  interest  to  water-works  people  all  over  the  coun- 
try. They  will  certainly  deserve  our  thanks  if  they  are  able  to 
add  something  to  the  solution  of  this  very  troublesome  question. 

The  committee  recently  appointed  on  subjects  for  the  meetings 
will  be  of  great  help  to  the  officers  of  the  Association  and  certainly 
add  much  to  the  interest  and  value  of  our  meetings. 

The  present  occasion  offers  another  of  the  innovations  in  the 
regular  proceedings  of  the  Association,  and  from  the  attendance 
I  think  we  can  say  that  the  experiment  bids  fair  to  be  a  success. 
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It  is  always  a  pleasure  to  have  the  ladies  with  us  at  these  gather- 
ings, and  I  think  this  midwinter  gathering  with  them  will  cer- 
tainly be  looked  forward  to  by  many  as  one  of  the  delightful 
occurrences  of  the  year. 

In  retiring  from  the  chair,  I  wisli  to  thank  the  officers,  members 
and  associates  for  the  cordial  support  they  have  given  me  during 
the  past  year,  and  I  earnestly  hope  they  will  extend  the  same  to 
my  successor. 

Mr.  Stacy.  If  you  will  allow  me  a  moment,  Mr.  President. 
Before  we  proceed  further  with  the  regular  order  of  business  it 
seems  to  me  we  ought  to  take  some  formal  notice  of  the  very 
useful  and  beautifid  gift  that  has  been  made  to  the  Association 
by  one  of  our  most  earnest  and  interested  members,  and  I  there- 
fore move  that  the  thanks  of  the  Association  be  extended  to 
Mr.  Chase  for  the  gavel  which  he  has  so  kindly  presented. 
Adopted. 

The  Secretary,  Mr.  Willard  Kent,  submitted  the  following 
report : 

Report  of  the  Secretary. 

Mr.  President  and  Gentlemen  of  the  New  England  Water  Works 
Association,  —  I  have  the  honor  to  submit  the  following  report 
of  membership,  receipts  and  disbursements  of  the  New  England 
Water  Works  Association  for  the  year  ending  December  31,  1904: 

Membership. 

The  total  membership  of  the  Association  January  1,  19U4,  was   .    .      586 

The  present  membership  is 604 

The  membership  is  divided  as  follows: 

MEMBERS. 

January  1,  1904.     Total  active  membership 528 

Withdrawals: 

Transferred  to  Honorary  list      ....  4 

Resigned 10 

Died 14 

Dropped 1       29 

499 
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Initiations: 

Januarj^ 3 

February 8 

March .5 

September 14 

November      5       35 

Pvt'instated 4     538 


HONORARY  MEMBERS. 

January  1,  1904.     Honorary  members      3 

Elected 1 

Transferred  from  members'  list 4  8 


ASSOCIATES. 

January  1,  1904.     Total  associate  membership 55 

^^'ithdrawals: 

Resignations 3 

Died 2       5 

50 

Initiations: 

January 2 

February' 1 

September 4 

December 1       8  58 

January  1,  1905.     Total  membership 604 


Summary  of  Receipts  and  Disbursements  of  the  New  England  Water 
Works  Association  for  the  Year  1904. 

receipts. 

Dues      $2  398.24 

Advertisements 2  020.56 

Initiations 242.00 

Subscriptions 155.25 

Journals  sold 94.30 

Sundries 82.60 

June  excursion 246.00 

$5  238.95 
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DISBURSEMENTS. 

Journal  (iiicliuUng  nieiubership  list  and  index)*    .    .  $2  383.82 

Stationeiy 472.48 

Rent      400.00 

Assistant  Secretary 385.00 

Editor 300.00 

Advertising  Agent 282.75 

Reprints 221.00 

Stenographer 209.50 

Incidental  expenses 201.10 

Secretary 200.00 

Stereopticon •.  68.43 

Music 54.00 

Badges 36.00 

Exhibit 18.13 

June  excursion 296.00 

Total $5  528.21 

Expenditures  in  excess  of  receipts  * $289.26 

At  the  present  time  there  is  due  the  Association: 

For  dues $321.75 

For  advertisements 483.75 

For  sundries 30.45 

$835.95 

I  know  of  no  outstanding  bills  against  the  Association. 
Respectfully  submitted, 

WILLARD  KENT,  Secretary. 

On  motion  of  Mr.  Chase  the  report  of  the  Secretary  was  accepted 
and  placed  on  file. 

The  Treasurer,  Mr.  Lewis  M.  Bancroft,  submitted  the  following 
report : 


*  Expenditures  during  the  year  include  the  cost  of  December,  1903,  Journal  as  well 
as  the  four  issues  of  1904,  whereas  receipts  include  returns  from  advertising  for  four  issues 
only. 
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Lewis  M.  Bancroft 
In  account  with  the  New  England 


1904. 

January  12. 

August    1. 

December    3. 

February  22. 

April  21. 

May  24. 

June  12. 

June  27. 

July  26. 

August  23. 

October    5. 

November    8. 

December    8. 

1905. 

January    4. 


RECEIPTS. 


Balance  on  hand 

Dividend,  People's  Savings  Bank  . 
Dividend,  Mechanics  Savings  Bank 
Received  of  Willard  Kent,  Sec'y    . 


$3  069.05 
52.40 
36.96 


490.42 
816.57 
337.55 
307.75 
246.00 
199.50 
177.30 
386.15 
509.20 
266.91 

501.60     5  238.95 
$8  397.36 


January  5,  1905.     Examined  and  found  correct. 

R.  C.  P.  COGGESHALL, 

W.  W.  Robertson, 
Finance  Committee  N.  E.  W.  W .  Asso. 
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Treasurer, 

Water  Works  Association. 

EXPENDITURES. 

Bills  paid,  as  per  itemized  statement $5  528.21 

BALANCE  ON  HAND. 

Deposit      People's      Savings      Bank, 

Worcester $1  451.38 

Deposit     Mechanics     Savings     Bank, 

Reading 1  084.08 

Deposit  First  National  Bank,  Reading  333.69 

Total  balance 2  869.15 

$8  397.36 


LEWIS  M.  BANCROFT,  Treasurer. 
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1904. 
Febniary 


DETAILED    STATEMENT    OF    BILLS    PAID. 

Samuel  U.shcr,  printing  December  Journal    .    .  S417.80 

W.  N.  Hughes,  printing  and  stamped  envelopes  54.50 

Hub  Engraving  Co.,  plates 19.71 

12.     Hooper,  Lewis  Co.,  blank  books 2.81 

Samuel  Usher,  reprints 42.25 

W.  S.  Greenoughct  Co.,  paper  and  letter  file      .    .  2.05 

Miss  J.  M.  Ham,  salarj^  for  January      35.00 

18.     B.  D.  Bourne,  stereopticon,  January  meeting      .  10.00 

W.  X.  Hughes,  cards 1.00 

March    7.     Hub  Engraving  Co.,  plates 5.45 

Thomas  P.  Taylor,  stereopticon,  February  meet- 
ing     10.00 

W.  N.  Hughes,  printing .    .    .  16.00 

Miss  J.  M.  Ham,  salary  for  February 35.00 

Boston  Society     of    Civil     Engineers,     rent     to 

February  29 100.00 

D.  Gillies'  Sons,  printing  and  stamped  envelopes  .  123.17 

18.     W.  N.  Hughes,  printing 3.75 

Allen,  Doane  &  Co.,  rubber  stamp .90 

A.    Amerena  &    Peters,    music,    February    and 

March  meetings 20.00 

23.     Charles  W.  Sherman,  salary  to  April  1 75.00 

Charles  W.  Sherman,  postage  and  expenses     .    .  11 .70 

Hub  Engraving  Co.,  plates 11.52 

April    5.     Robert  J.  Thomas,  advertising  agent  to  April  1  .  70.30 

Hub  Engraving  Co.,  plates 5.32 

Willard  Kent,  salary  to  April  1      50.00 

W'illard    Kent,    expenses,    guest    tickets,    etc., 

February  and  March  meetings 54.20 

9.     Miss  J.  M.  Ham,  salary  for  March 35.00 

Samuel  Usher,  March  Journ.\l  and  reprints      .    .  322.75 
18.     Bacon  &  Burpee,  report  of  January,  February, 

and  March  meetings 73.50 

27.     Samuel  Usher,  printing  constitution  and  list  of 

members 97.50 

May    3.     W.  N.  Hughes,  printing 1.00 

11.     D.  Gillies'  Sons,  printing 3.35 

Hub  Engraving  Co.,  plates 1.58 

17.     W.  N.  Hughes,  envelopes  and  printing     ....  39.27 

Miss  J.  M.  Ham,  salary  for  April 35.00 

Miss  M.  J.  Ham,  postage,  telephone,  and  mes- 
sengers      41.20 

Anuumt  cariicd  fonvard $1  827.58 
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May  25. 
June  10. 


27. 
July  5. 

19. 
August    9. 


15. 
25. 
31. 

September    6. 

30. 


October    6. 


12. 


24. 


Amount  brought  forward $1  827.58 

Wright  &  Potter  Printing  Co.,  printing    ....  51.00 

Miss  J.  M.  Ham,  salary  for  May 35.00 

W.  N,  Hughes,  envelopes  and  printing     ....  24.00 

Samuel  Usher,  June  Journal  and  reprints  .    .    .  307.48 

Charles  W.  Sherman,  salary  to  July  1 75.00 

Charles  W.  Sherman,  postage 5.00 

John    F.    Dixon,    steamer    King    Philip,    June 

meeting 200.00 

D.  O.  Wade,  dinners  at  Nantasket  Point      .    .    .  96.00 

Miss  J.  M.  Ham,  salarj^  for  June 35.00 

A.  Amerena  &  Peters,  music  at  June  meeting     .  14.00 

Willard  Kent,  salary  to  July  1 50.00 

Willard  Kent,    expenses    June    and    September 

meetings 12.80 

R.  J.  Thomas,  advertising  agent  to  July  1   .    .    .  72.70 

Hooper,  Lewis  &  Co.,  stationery 7.25 

Library  Bureau,  card  index  and  printer's  copy      .  40.00 

D.  Gillies'  Sons,  printing 13.75 

Miss  J.  M.  Ham,  salary  for  July 35.00 

Samuel  Usher,  printing  index  to  Journ.\l    .    .    .  273.00 

Hub  Engraving  Co.,  plates 1.12 

Samuel  Usher,  printing 4.00 

Miss  J.  M.  Ham,  salarj'  for  August 35.00 

Miss  J.  M.  Ham,  postage  and  messengers     .    .    .  36.42 

Charles  W.  Sherman,  salary  to  October  1     .    .    .  75.00 

Charles  W.  Sherman,  postage  and  drafting      .    .  13.00 

Whitehead  &  Hoag  Co.,  badges 36.00 

Thomas     P.     Taylor,    stereopticon,    September 

meeting 35.43 

W.  N.  Hughes,  printing 6.25 

Samuel  Usher,  reprints 24.00 

Miss  J.  M.  Ham,  salary  for  September      ....  35.00 
Robert  J.  Thomas,  advertising    agent    to    Octo- 
ber 1    60.00 

Willard  Kent,  salary  to  October  1 50.00 

Willard    Kent,    telephones,   telegrams,  and  ex- 
penses arranging  Holyoke  meeting    ....  27.40 

Samuel  Usher,  September  Journal 359.31 

Hub  Engraving  Co.,  plates 16.54 

D.  Gillies'  Sons,  printing 20.75 

Hub  Engraving  Co.,  plates 4.77 

Boston    Society    of    Civil    Engineers,    rent    to 

August  31 200.00 

Amount  carried  forward S4  214.55 
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Amount  brought  forward      $i  214.55 

Frank     E.     Merrill,     expenses,    Committee     of 

Exhibit 18.13 

November  10.     W.  N.  Hughes,  printing 7.00 

Miss  J.  M.  Ham,  salary  for  October 35.00 

Miss  J.  M.  Ham,  postage  and  express 58.82 

Walter  Gardner,  lantern  slides 3.00 

Samuel  Usher,  printing  summary  of  statistics     .  6.50 

December  12.     W.  N.  Hughes,  printing 2.00 

Thomas    P.     Taylor,     stereopticon,     November 

meeting 10.00 

Hub  Engraving  Co.,  plates 15.72 

Miss  J.  M.  Ham,  salary  for  November      ....  35.00 
Miss  J.  M.  Ham,  letter  book,  postage,  and  tele- 
phones      12.79 

The  Engineering  News  Publishing  Co.,  cuts     .    .  6.00 
Boston  Society  of  Civil   Engineers,  rent  to  No- 
vember 30 100.00 

17.     Charles  W.  Sherman,  salary  to  December  31  .    .  75.00 

Charles  W.  Sherman,  postage 7.60 

23.  A,  Amerena   &   Peters,   music,  November   and 

December  meetings 20.00 

Hub  Engraving  Co.,  plates 4.50 

Hotel  Brunswick,  electrical  equipment     ....  3.10 

liOw's  Express,  teaming 6.00 

24.  Bacon  &  Burpee,  reporting  September,  Novem- 

ber, and  December  meetings 136.00 

Robert  J.  Thomas,  advertising  agent  to  January 

1,  1905 79.75 

30.     Samuel  Usher,  December  Journal 391.65 

Willard  Kent,  salary  to  December  31 50.00 

Willard  Kent,  expenses 30.00 

January    4.     D.  Gillies'  Sons,  printing 35.00 

Samuel  Usher,  reprints 130.00 

Hub  Engraving  Co.,  plates 35.10 

Total  bills  paid $5  528.21 
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On  motion  of  Mr.  Metcalf,  the  report  was  accepted  and  placed 
on  file. 

Mr.  Charles  W.  Sherman,  Editor,  presented  the  following  report : 

Report  of  the  Editor. 

Boston,  January  11,  1905. 
To  the  Neiv  England  Water  Works  Association,  —  The  following 
is  my  report  as  Editor  of  the  Journal,  for  the  year  1904. 

The  December  issue  appears  so  late  in  the  year  that  it  is  practically  im- 
possible to  send  out  bills  for  advertising  therein  and  get  any  returns  before 
the  annual  meeting.  This  condition  is  substantially  the  same  each  year, 
and  therefore  each  year's  report  includes  the  advertising  returns  properly 
belonging  to  the  December  number  of  the  year  preceding.  The  December 
issue  of  1904  contained  27.92  pages  of  paid  advertisements,  which  if  main- 
tained throughout  the  year  would  have  an  annual  value  of  $1  935.  A  year 
ago  the  Journal  contained  2o\  pages  of  paid  advertisements,  of  an  annual 
value  of  $1  750. 

The  accompanying  tables  show  in  detail  the  amount  of  inaterial  in  the 
JouRNAi/,  the  receipts  and  expenditures,  and  a  comparison  with  the  four 
preceding  volumes: 

TABLE  No.  1. 

Statement  op  Material  in  Volume  XVIII,  Journal  of  the  New  England 
Water  Works  Association,  1904. 


Number  oi 

Pages  of 

Date  of  Issue. 
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11 

2 

June 

136 

4 

140 

— 

28 

4 

14 

186 

7 

3 

September 

84 

6 

90 

— 

30 

4 

12 

136 

1 

4 

December      

125 

30 

155 

9 

30 

4 

12* 

210 

7 

Total 

417 

74 

491 

9 

118 

16 

44 

678 

26 

Index  to  Transactions  and  Journal 116 


794 


*  Includes  8  plates  not  yet  sent  out. 
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TABLE  No.  2. 

Eeceipts    and   Expenditures  on  Account  of  Volume  XVIII,  Journal 
OF  the  New  England  Water  Works  Association,  1904. 


Receipts. 

Expenditures. 

From  advertisements  .    .    . 

.  $2  020..% 

For  printing  Journal  .    . 

$1  407.44 

From  sale  of  Journals   . 

94.30 

For  Index  to  Transactions 

From  sale  of  reprints  .    . 

10.55 

and  Journal      .    .    . 

316.75 

From  subscriptions  .    .    . 

155.25 

For     Preparing     Illustra- 

tions     

For  Editor's  salary    .    .    . 

137.83 
300.00 

$2  280.66 

For  Editor's  incidentals    . 

47.00 

For  Advertising    Agent's 

commissions    .... 

282.75 

For  reporting 

209.50 

For  reprints 

221.00 

Net  cost  of  Journal  .    .    . 

648.11 

For  statistics  forms   .    .    . 
Gross    cost    of    Journal 

6.50 

$2  928.77 

and  Index 

$2  928.77 

TABLE  No.  3. 

Comparison  between  Volumes  XIV,  XV,  XVI,  XVII,  and  XVIII,  Journal 
OF  THE  New  England  Water  Works  Association. 


Edition  (copies) 

Average  membership      

Pages  of  text 

Pages  of  text  per  1  000  members 

Total  pages,  all  kinds 

Total  pages  per  1  000  members    . 

Gross  Cost: 

Total 

Per  page 

Per  member 

Per  member  per  1  000  pages 
Per  member  per  1  000  pp.  text 

Net  Cost: 

Total 

Per  page 

Per  member 

Per  member  per  1  000  pages     . 
Per  member  per  1  000  pp.  text 


4  numbers 

Vol.  xiv. 

of 
Vol.  XV. 

Vol.  xvi. 

Vol.  xvii. 

Vol.  xviii. 

1  100 

1  200 

1200 

1  200 

900 

583 

586 

571 

587 

596 

34.T 

363 

403 

430 

491 

600 

618 

707 

733 

824 

48.5 

536 

584 

619 

794 

832 

913 

1020 

1051 

1332 

$1  954.15 

$2  194.26 

$2  439.99 

$2  706.05 

$2  928.77 

4.03 

4.10 

4.18 

4.38 

3.69 

3.35 

3.75 

4.27 

4.61 

4.91 

6.91 

6.99 

7.32 

7.46 

6.18 

9.71 

10.31 

10.60 

10.72 

10.00 

$347.55 

$332.90 

$622.89 

$770.62 

$648.11 

.72 

.62 

1.07 

1.25 

.82 

.60 

.57 

1.09 

1.31 

1.09 

1.23 

1.06 

1.87 

2.12 

1.30 

1.73 

1.57 

2.71 

3.05 

2.22 

The  gross  cost  of  the  Journ.vl  is  increasing  each  year,  as  is  natural  since 
the  number  of  pages  is  increasing.  The  net  cost,  however,  is  less  than  last 
j^ear,  being  $648.11  against  $770.62  for  1903.     This  result  is  surprising  in 
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view  of  the  fact  that  the  cost  of  the  "  Index  to  the  Transactions  and  Journal," 
amounting  to  $316.75,  is  included  in  the  cost  of  the  Journal  for  1904. 

The  total  cost  of  the  illustrations  in  the  Journal  has  been  $300.83,  or 
10.3  per  cent,  of  the  gross  cost  of  the  volvune. 

The  usual  fifty  reprints  of  papers  have  been  furnished  to  their  authors 
■without  charge.  In  addition,  extra  copies  of  their  papers  have  been  given 
to  those  Holyoke  members  who  presented  papers  at  the  convention,  in  slight 
recognition  of  their  energy  and  foresight  which  aided  so  materially  in  the 
success  of  the  convention.  The  net  cost  to  the  Association  has  averaged 
$7.27  for  each  paper  reprinted. 

The  present  circulation  of  the  Journ.\l  is: 

Members  (all  grades) 604 

Subscribers 44 

Exchanges      19 

667 

The  former  custom  of  sending  out  three  hundred  sample  copies  of  each 
issue  has  been  discontinued,  as  it  was  a  considerable  expense  to  the  Association 
with  no  apparent  advantages. 

Last  year  I  reported  that  the  net  cost  to  the  Association  of  reprinting 
the  Pipe  Specifications  for  sale  was  $22.50.  This  year  there  have  been 
further  receipts  from  sales  amounting  to  $50.50,  with  no  expenses;  conse- 
quently the  Association  has  now  made  a  net  gain  on  the  specifications  of 
$28.00. 

I  am  glad  to  report  the  gradual  extension  of  the  use  of  the  summary 
of  statistics.  The  usual  compilation  of  statistics  from  such  summaries  has 
been  made  and  published  in  the  Journal. 

Respectfully  submitted, 

CHARLES  W.  SHERMAN, 

Editor. 

On  motion  of  Mr.  Fuller  the  report  was  accepted  and  placed  on 
file. 

The  report  of  the  Auditing  Committee  was  submitted  by 
Mr.  R.  C.  P.  Coggeshall,  as  follows: 

Report  of  Finance  Committee. 

Boston,  Mass.,  January  5,  1905. 
To  the  New  England  Water  Works  Association,  —  In  accordance 
with  the  provision  of  Article  VI,  Section  5,  of  the  Constitution  of 
this  Association,  it  is  the  duty  of  the  ''  finance  committee  "  to 
meet  on  or  before  the  day  of  the  annual  meeting  and  audit  the 
accounts  of  the  Secretary  and  Treasurer. 
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We,  the  undersigned  members  of  the  ''  finance  committee  "  of 
this  Association  for  the  past  year,  met  this  day  by  appointment 
with  your  Secretary  and  Treasurer,  at  the  headquarters  of  this 
Association  at  Tremont  Temple,  in  this  city,  and  have  attended 
to  the  duty  as  above  described. 

We  proceeded  with  the  work  as  follows :  We  first  examined  the 
Secretary's  cash  book.  We  verified  the  additions  and  found  the 
total  receipts  as  stated  therein  to  be  correct  and  to  the  amount 
of  $5  238.95,  which  an^ount  the  Secretary  has  transmitted  to  the 
Treasurer  and  holds  the  receipt  of  the  latter  therefor,  ^^^e  exam- 
ined in  detail  the  different  accounts  in  your  Secretary's  ledger  and 
have  verified  the  Secretary's  statement  of  unsettled  accounts 
which  the  Secretary  presents  in  his  report.  This  we  find  amounts  to 
$825.95  in  detail  as  follows: 

Dues  of  members $213.00 

Dues  of  associates 108.7.5 

Due  from  advertisements 483.75 

Due  from  sundries 30.45      $835.95 


The  amount  uncollected  from  advertisements,  seemingly  large, 
is  due  to  the  fact  that  bills  for  same  could  not  be  issued  until  the 
December  issue  of  the  Journ.\l  had  been  delivered.  Sufficient 
time  has  not  since  elapsed  to  make  the  collection  of  this  account, 
but  with  the  experience  of  former  years  before  us,  it  is  safe  to 
predict  that  practically  all  the  items  of  this  account  will  be  col- 
lected within  sixty  days. 

We  do  not  find  that  your  Secretary  is  in  any  way  responsible 
for  the  amount  of  unpaid  dues  as  shown  above.  We  are  pre- 
suaded  that  there  has  been  no  lack  of  diligence  upon  his  part  in  an 
effort  to  collect  the  same.  The  trouble  may  be  wholly  traced  to 
a  defect  in  the  Constitution  which  allows  unpaid  dues  to  collect 
for  more  than  two  years. 

An  examination  of  the  Treasurer's  accounts  shows  that  it 
agrees  with  that  of  the  Secretary  in  the  amount  received,  viz., 
$5  238.95.  We  have  checked  every  item  in  his  entries  of  dis- 
bursements amounting  to  $5  528.21  and  find  each  item  properly 
approved    and    secured    by    vouchers.     We    have    checked    the 
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Treasurer's   statement    of   balance    on   hand    January    2,    1905, 
$2  869.15  by  examining  his  bank  account. 

In  conclusion,  your  committee  feel  that  it  is  clue  to  your 
Treasurer,  Secretary,  and  Assistant  Secretary  for  us  to  here  testify 
to  the  admirable  appearance  of  the  various  books  which  were 
placed  before  us  for  examination,  and  we  feel  that  the  Association 
is  to  be  congratulated  in  having  its  financial  affairs  in  such  com- 
petent hands. 

Respectfully  submitted, 

R.  C.  P.  COGGESHALL. 
W.  W.  ROBERTSON. 

On  motion  of  ]\Ir.  Fuller  the  report  was  accepted  and  placed 
on  file. 

Election  of  Officers. 

]\Ir.  E.  J.  Chadbourne  submitted  the  following  report  of  tellers 
appointed  to  canvass  ballots: 

Total  number  of  ballots  210,  4  of  which  were  entirely  blank. 

For  President. 
George  Bowers,  Lowell,  Mass 206 

For  Vice-Presidents. 

James  Burnie,  Biddeford,  Me 206 

Frank  A.  Andrews,  Nashua,  N.  H 206 

George  E.  Crowell,  Brattleboro,  Vt 206 

Frederick  W.  Gow,  Medford,  Mass 206 

Edmund  W.  Kent,  Woonsocket,  R.I 206 

Charles  E.  Chandler,  Norwich,  Conn 206 

For  Secretary. 
Willard  Kent,  Narragansett  Pier,  R.I 206 

For  Treasurer. 
Lewis  M.  Bancroft,  Reading,  Mass 205 

For  Editor. 
Charles  W.  Sherman,  Boston,  Mass 205 
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For  Advertising  Agent. 
Robert  J.  Thoxias,  Lowell,  Mass 206 

For  Additional  Members  of  Executive  Committee. 

Frank  E.  Merrill,  Somerville,  Mass 20G 

George  A.  Stacy,  Marlboro,  Mass. 206 

James  L.  Tighe,  Holyoke,  Mass 206 

For  Finance  Committee. 

_  W.  W.  Robertson,  Fall  River,  Mass ,    .    .    .    .  206 

R.  C.  P.  Coggeshall,  New  Bedford,  Mass 206 

Harry  L.  ThOiMas,  Hingham,  Mass 206 

The  report  of  the  tellers  was  accepted,  and  the  officers  were 
declared  duly  elected.  President  Brooks,  in  calling  the  newly 
elected  President  to  the  chair,  said: 

I  will  now  resign  to  you,  Mr.  Bowers,  the  chair,  hoping  that 
your  administration  may  be  as  pleasant  and  in  every  way  as 
satisfactory  as  you  could  wish.     (Applause.) 

President  Bowers.  Gentlemen,  I  thank  you  for  the  honor 
you  have  conferred  upon  me  in  electing  me  President  of  the  Asso- 
ciation, and  I  promise  you  that  I  will  faithfully  carry  forward  the 
work  and  do  all  I  can  to  assist  you  in  keeping  the  standing  of  this 
Association  as  high  as  it  has  ever  been  before.     (Applause.) 

We  have  with  us  to-day  one  whom  we  all  love  to  hear,  and  it 
gives  me  great  pleasure  to  present  to  yovi  our  former  President, 
now  an  honorary  member  of  this  Association,  Desmond  Fitz- 
Gerald.     (Applause.) 

Mr.  Desmond  FitzGerald  then  spoke  on  the  Manila  Water  Supply 
and  Life  in  the  Philippines,  illustrated  by  lantern  views. 

Adjourned. 
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February  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  February  8,  1905. 

George  Bowers,  President,  in  the  chair. 

The  following  members  and  guests  were  in  attendance : 

Members. 
S.  A.  Agnew,  E.  Atkinson,  C.  H.  Baldwin,  L.  M.  Bancroft,  George  Bowers, 
D.  Brackett,  E.  C.  Brooks,  F.  H.  Carter,  G.  F.  Chace,  J.  C.  Chase,  S.  K.  Clapp, 
F.  C.  Coffin,  M.  F.  Collins,  R.  J.  Crowley,  H.  D.  Eaton,  H.  P.  Eddy,  C,  H. 
Eglee,  August  Fels,  C.  R.  Felton,  F.  L.  FuUer,  J.  C.  Gilbert,  A.  S.  Glover,  F. 
W.  Gow,  F.  E.  HaU,  J.  O.  Hall,  T.  G.  Hazard,  Jr.,  L.  M.  Hastings,  V.  C. 
Hastings,  H.  G.  Holden,  C.  G.  Hyde,  H.  R.  Johnson,  E.  W.  Kent,  Willard 
Kent,  F.  C.  Kimball,  G.  A.  Kimball,  G.  A.  King,  C.  F.  Knowlton,  H.  V. 
Macksey,  W.  E.  Maybury,  F.  E.  Merrill,  H.  E.  Perry,  E.  B.  Phelps,  W.  W. 
Robertson,  J.  W.  Smith,  S.  Smith,  G.  H.  Snell,  E.  G.  Smith,  J.  T.  Stevens, 
W.  F.  Sullivan,  T.  V.  Sullivan,  R.  J.  Thomas,  H.  L.  Thomas,  W.  H.  Thomas, 
L.  D.  Thorpe,  J.  L.  Tighe,  D.  N.  Tower,  W.  H.  Vaughn,  C.  K.  Walker,  W.  J. 
Wetherbee,  G.  C.  Whipple,  F.  B.  Wilkins,  C.-E.  A.  Winslow,  G.  E.  Winslow. 

—  63. 

Associates. 
Ashton  Valve  Co.,  by  C.  W.  Houghton;  Chapman  Valve  Mfg.  Co.,  by  Edw. 

F.  Hughes;  Henry  A.  Desper;  Hart  Packing  Co.,  by  Horace  Hart;  Hersey 
Mfg.  Co.,  by  Albert  S.  Glover,  J.  A.  Tilden,  F.  A.  Smith  and  H.  D.  Winton; 
Lead  Lined  Iron  Pipe  Co.,  by  T.  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by 
H.  F.  Gould;  H.  Mueller  Mfg.  Co.,  by  W.  L.  Dickel;  National  Lead  Co.,  by 

G.  L.  Whittemore;  National  Meter  Co.,  by  Chas.  H.  Baldwin  and  J.  G.  Lufkin; 
Pittsburg  Meter  Co.,  by  H.  F.  Peck;  Rensselaer  Mfg.  Co.,  by  C.  L.  Brown; 
The  Piatt  Iron  Works  Co.,  by  F.  H.  Hayes;  A.  P.  Smith  Mfg.  Co.,  by  F.  N. 
Whitcomb;  Sumner  &  Goodwin  Co.,  by  H.  A.  Gorham;  Sweet  &  Doyle,  by 
H.  L.  DeWolfe;  Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter 
Co.,  by  F.  E.  Hall  and  W.  F.  Hogan;  Builders  Iron  Foundry,  by  F.  N.  Connet. 

—  24. 

Guests. 

W.  H.  Van  Winkle,  New  York  City;  F.  L.  Weaver,  water  commissioner, 
Lowell,  Mass.;  J.  F.  Stark,  president  water  board,  Nashua,  N.  H.;  F.  A. 
Snow,  S.  C.  Prescott,  bacteriologist,  and  H.  S.  Browii,  Boston,  Mass.;  W.  E. 
Lothrop,  Leominster,  Mass.;  Theodore  Moorehead,  Chinese  Government 
Service,  Shanghai,  China.  —  8. 

(Names  counted   twice.  —  3.) 
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The  following  were  elected  members: 

Resident. — John  Doyle,  Worcester,  Mass.,  general  foreman. 
Worcester  Water  Department;  Charles  L.  Wooding,  Bristol,  Conn., 
manager  Bristol  Water  Company;  Elbert  W.  Claylord,  Bristol, 
Conn.,  superintendent  Bristol  Water  Company. 

Non-Resident. — John  S.  Cook.  Passaic,  N.  J.,  hydraulic  engi- 
neer, Paterson,  N.  J.;  J.  H.  Van  Keuren,  Jersey  City,  N.  J.,  chief 
engineer,  Jersey  Water  Company;  Dr.  T.  B.  Hunter,  Monterey, 
Cal.,  resident  engineer,  Monterey  Water  Works. 

Associate.  —  Roy  S.  Barker,  Providence.  R.  I.,  contractor  for 
well  boring  and  test  borings. 

The  President  announced  that  the  Executive  Committee  had 
voted  to  hold  the  next  annual  convention  in  New  York  City. 

The  first  paper  of  the  afternoon,  entitled  "The  Maine  Water 
District  and  Appraisals,"  was  by  Harvey  D.  Eaton  of  Waterville, 
Me.  The  paper  was  discussed  by  Mr.  Frank  L.  Fuller  of  Boston, 
ex-Mayor  John  O.  Hall  of  Quincy,  Mr.  Freeman  C.  Coffin  of  Boston, 
Mr.  August  Fels  of  Lowell,  Mr.  George  A.  King  of  Taunton,  Mr. 
Edward  Atkinson  of  Boston,  and  Prof.  E.  G.  Smith  of  Beloit  Col- 
lege, Beloit,  Wis. 

The  next  paper  was  on  "  The  Kennebec  Valley  Typhoid  Fever 
Epidemic  of  1902-3."  This  was  illustrated  by  diagrams  and 
maps,  and  was  prepared  by  Mr.  George  C.  Whipple  and  Dr.  E.  C. 
Levy,  the  paper  being  read  by  Mr.  Whipple.  The  discussion  was 
participated  in  by  Mr.  Charles  G.  Hyde  of  Harrisburg.  Pa.,  engi- 
neer on  construction  of  filter  plant,  Mr.  Charles-Edward  A. 
Winslow,  instructor  in  biology  at  the  Massachusetts  Institute  of 
Technology,  Boston,  and  Mr.  Edward  Atkinson  of  Boston. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Tremont  Temple, 
Wednesday,  December  14,  1904. 

There  was  a  meeting  of  the  Executive  Committee  of  the  New 
England  Water  Works  Association  to-day  and  the  following  were 
present:  President  Edwin  C.  Brooks,  V.  C.  Hastings,  George  E. 
Crowell,  Frank  E.  Merrill,  George  A.  Stacy,  H.  G.  Holden,  Willard 
Kent,  L.  M.  Bancroft,  Charles  W.  Sherman,  and  Robert  J.  Thomas. 

Application  of  George  E.  Gilchrist  &  Co.,  for  associate  mem- 
bership received  and  recommended. 

Letter  from  William  B.  Bryan,  chief  engineer.  Metropolitan 
Water  Board,  London,  England,  acknowledging  election  to  honor- 
ary membership  received  and  read. 

Mr.  Stacy,  of  the  Subject  Committee,  reports  that  it  is  the  unan- 
imous opinion  of  that  committee  that  the  ladies  should  be  invited 
to  attend  some  one  of  the  winter  meetings  of  the  Association. 
After  discussion,  on  motion  of  Mr.  Thomas,  it  was  voted:  That 
the  January  meeting  be  Ladies'  Day,  and  that  the  Subject  Com- 
mittee be  a  committee  with  full  powers  to  make  all  necessary 
arrangements  therefor. 

Adjourned. 

Attest:     Willard  Kent,  Secretary. 

Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association,  January  11,  1905,  at  headquarters,  Tremont 
Temple,  at  11.30  a.m. 

Present:  President  Edwin  C.  Brooks,  and  H.  G.  Holden,  Charles 
W.  Sherman,  L.  M.  Bancroft,  Frank  E.  Merrill,  J.  C.  Hammond, 
Jr.,  Robert  J.  Thomas,  and  Willard  Kent. 

Letter  from  Mr.  F.  W.  Dean  was  read  declining  re-election  as 
member  and  chairman  of  Subject  Committee. 

Letter  from  Mr.  R.  C.  P.  Coggeshall  with  reference  to  change  of 
By-Laws  in  relation  to  payment  of  dues  was  read  and  referred  to 
Executive  Committee  of  ensuing  year. 
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The  following  applications  for  membership  were  received,  and 
it  was  voted  to  recommend  the  election  of  the  applicants  to  mem- 
bership in  the  Association: 

Mr.  Charles  T.  Main,  mechanical  engineer,  53  State  Street, 
Boston,  Mass.;  Henry  J.  Williams,  chemical  engineer,  161  Tre- 
mont  Street,  Boston,  Mass.;  Richard  K.  Hale,  sanitary  engineer, 
Chestnut  Hill  Avenue,  Brookline,  Mass.;  W.  W.  Berry,  superin- 
tendent Centerville  Water  Works,  Centerville,'  Iowa. 

The  President  named  Messrs.  D.  N.  Tower  and  J.  W.  Crawford 
as  tellers  of  election  of  officers  for  ensuing  year. 

Adjourned. 

Attest:    WiLLARD  Kent,  Secretary. 

Meeting  of  Executive  Committee  of  the  New  England  Water 
Works  Association  February  8,  1905,  at  headquarters,  Tremont 
Temple,  at  11.30  o'clock  a.m. 

Present:  President  George  Bowers  and  members  Frank  E. 
Merrill,  James  L.  Tighe,  Robert  J.  Thomas,  L.  M.  Bancroft,  and 
Willard  Kent. 

On  motion  of  Mr.  Thomas,  seconded  by  Mr.  Tighe,  it  was  voted: 
That  the  next  annual  convention  of  the  New  England  Water 
Works  Association  be  held  in  the  month  of  September  in  the  city 
of  New  York,  and  that  the  President  be  authorized  to  appoint  a 
committee  of  three  to  make  the  necessary  arrangements  therefor. 

At  the  suggestion  of  the  President  it  was  voted:  That  Mr. 
Merrill  be  and  hereby  is  made  a  committee  to  make  necessary 
arrangements  for  transportation. 

Following  the  suggestion  of  the  Finance  Committee,  and  others, 
on  motion  of  Mr.  Thomas,  seconded  by  Mr.  Merrill,  it  was  voted: 
That  the  Executive  Committee  recommend  the  following  changes 
in  the  Constitution  of  the  New  England  Water  Works  Associa- 
tion to  be  acted  upon  at  the  March  meeting  by  the  members  of 
the  Association,  viz.: 

That  Section  1  of  Article  III  be  amended  by  the  addition  of  the 
following  clause:  "All  applications  for  membership  presented  to 
the  Association  for  action  must  be  accompanied  by  the  proper 
initiation  fee  and  dues  for  whole,  or  fractional  part,  of  current 
year  in  which  application  is  presented." 
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That  Section  5  of  Article  III  be  amended  to  read:  "  The  annual 
membership  dues  shall  be  payable  in  advance  on  the  date  of  the 
annual  meeting  in  January,  At  the  expiration  of  ten  months 
after  the  annual  meeting,  the  Secretary  shall  notify  each  member 
who  has  not  paid  his  dues  for  the  current  year,  that  unless  the 
same  are  paid  within  thirty  days,  his  membership  in  the  Asso- 
ciation shall  cease;  and  if  said  dues  arc  not  paid  within  said  period, 
the  Secretary  shall  drop  the  name  of  said  member  from  the  mem- 
bership roll.  The  Executive  Committee  may,  however,  at  its 
discretion  reinstate  said  person  on  the  payment  of  all  arrears." 

That  Section  4  of  Article  VI  be  amended  by  the  addition  of  the 
following  clause :  '^  He  shall  deposit  all  funds  received  in  such  place 
of  deposit  as  may  be  approved  by  the  Executive  Committee.  All 
orders  for  withdrawal  of  funds  and  checks  for  disbursements  shall 
be  signed  by  the  Treasurer  and  countersigned  by  the  President." 

The  following-named  applications  for  membership  were  received, 
and  it  was  voted  to  recommend  the  same  to  the  Association  for 
election  to  membership: 

As  Members.  —  Charles  L.  Wooding,  manager  Bristol  Water 
Company,  Bristol,  Conn.;  Elbert  W.  Gaylord,  superintendent 
Bristol  Water  Company,  Bristol,  Conn.;  John  Doyle,  general  fore- 
man Water  Department,  Worcester,  Mass.;  T.  B.  Hunter,  resident 
engineer  Pacific  Improvement  Company's  Water  Works,  Monte- 
rey, Monterey  County,  Cal.;  John  H.  Cook,  hydraulic  engineer 
S.  U.  M.,  Paterson,  N.  J.;  Charles  A.  Van  Keuren,  chief  engineer, 
Jersey  City,  N.  J. 

As  Associate.  —  Roy  S.  Barker,  driven  wells,  Providence,  R.  I. 

Adjourned. 

Attest :  WiLLARD  Kent,  Secretary. 
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Henry  A.  Cook,  superintendent  of  the  Salem  Water  Depart- 
ment, died  January  10.  1905.  He  was  born  in  San  Francisco, 
January  11,  1858,  and  was  educated  at  Salem,  where  he  came  in 
1864.  He  graduated  at  the  Salem  High  School  in  1876  and  later 
studied  at  the  Institute  of  Technology,  and  was  in  the  office  of 
Ernest  W.  Bowditch,  civil  engineer,  of  Boston.  He  opened  an 
office  in  Salem  in  1889  and  was  employed  as  an  engineer  on  the 
Salem  Water  Works,  laying  the  new  main  from  the  pumping 
station  in  Xorth  Beverly  through  Danvers  to  Salem.  In  the  fall 
of  1891  he  was  elected  superintendent  of  the  Salem  Water  WorlvS, 
which  position  he  had  since  held.  He  leaves  a  widow,  a  daughter 
of  Judge  J.  B.  F.  Osgood  of  Salem.  Mr.  Cook  was  elected  a  mem- 
ber of  the  New  England  Water  Works  Association  on  February  10, 
1902. 

J.  A.  IMariox  died  at  his  home  in  Montreal,  Canada,  on  Decem- 
ber 2,  1904. 

Mr.  Marion  was  born  at  St.  Simon,  County  of  Bagot,  March  31, 
1871. 

He  was  a  student  of  the  Jacques-Cartier  Normal  School  at  Mon- 
treal, from  which  he  graduated  with  the  Gold  Medal  of  The  Prince 
of  Wales.  He  then  entered  the  Polytechnic  School  and  at  the 
age  of  twenty  he  was  received  Engineer,  with  great  distinction. 

In  1897  he  married  Miss  Maria  Berthiaume  of  St.  Hugues,  who 
survives  him,  as  also  two  daughters,  aged  six  and  two  years. 

Mr.  Marion,  after  graduating  as  Engineer,  spent  some  time  in 
the  United  States.  Returning  to  Montreal  he,  in  1892,  opened  a 
Patent  Soliciting  Office  under  the  firm  name  of  ^Marion  &  Marion, 
with  a  branch  office  at  Washington,  D.  C. 

Mr.  Marion  was  a  member  of  a  large  number  of  societies  of 
engineers.  He  was  a  Bachelor  of  Applied  Science,  Laval  Uni- 
versity, member  of  the  Canadian  Society  of  Civil  Engineers,  of 
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the  "  Association  des  Ingenieurs  Conseils  en  matierc  dc  propriete 
Industrielle  "  (France),  of  the  "  Chambre  Syndicale  des  Conseils 
en  matiere  de  propriete  industrielle  "  (Belgique) ,  of  the  American 
Water  Works  Association^  etc. 

Pie  was  elected  a  member  of  the  New  England  Water  Works 
Association  on  December  13,  1893. 


John  P.  K.  Otis,  president  of  the  Union  Water  Meter  Com- 
pany, an  Associate  of  the  New  England  Water  Works  Associa- 
tion, died  at  his  home  in  Worcester,  Mass.,  at  1.30  o'clock 
Saturday  morning,  December  31,  1904. 

John  Pierce  Kettell  Otis  was  born  in  Worcester,  March  9,  1853, 
and  was  the  son  of  John  C.  and  Mary  E.  (Kettell)  Otis. 

He  obtained  his  education  at  the  grammar  and  high  schools  in 
Worcester,  and  then  began  the  study  of  engineering,  which  became 
his  life's  work.  In  1869  he  entered  the  City  Engineer's  office  in 
Worcester,  and  in  1871  attended  a  course  at  the  Worcester  Poly- 
technic Institute,  from  which  he  was  graduated  two  years  later. 

Mr.  Otis  was  then  appointed  assistant  engineer  for  the  con- 
struction of  the  Springfield  Water  Works,  and  after  two  years 
there  was,  in  1875,  appointed  engineer  for  the  construction  of  the 
Portland,  Me.,  Water  Works,  a  position  he  held  until  1878.  From 
1878  to  1881  he  was  instructor  of  civil  engineering  in  Worcester 
Polytechnic  Institute.  In  1880  in  connection  with  his  duties  as 
instructor  in  Worcester  Polytechnic  Institute  he  assumed  the 
position  of  manager  of  the  Union  Water  Meter  Company,  of 
Worcester,  and  in  1900  was  also  made  its  president. 

He  was  a  member  of  the  Montacute  Lodge,  A.  F.  &  A.  M.,  Wor- 
cester Royal  Arch  Chapter,  Worcester  Board  of  Trade,  Worcester 
Society  of  Engineers,  Society  of  Antiquity,  Commonwealth  Club 
of  Worcester  and  Worcester  Mechanics  Association. 

Records  of  the  Union  Water  Meter  Company  contain  the  fol- 
lowing entry,  viz. : 

"  The  Board  of  Directors  of  the  Union  Water  Meter  Company, 
in  meeting  assembled  this  twenty-eighth  day  of  January,  1905, 
desiring  to  place  on  record  expression  of  their  appreciation  of 
the  upright  manliness,  strict  integrity,  and  ever  painstaking  serv- 
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ices  characteristic  of    their   late  President,  John  Pierce  Kettell 
Otis,  whose  death  occurred  December  31,  1904. 

"  Resolved  that  by  his  death  this  Corporation  has  lost  a  valu- 
able officer  and  each  individual  member  a  friend  of  whose  friend- 
ship he  can  always  think  with  feelings  of  deepest  thankfulness." 


Macy  Stanton  Pope  was  born  at  East  Machias,  Washington 
County,  Me.,  on  July  26,  1869.  of  sturdy  New  England  parentage, 
his  father,  James  Otis  Pope,  and  his  mother,  Olive  Chase,  both 
being  natives  of  East  Machias. 

His  early  training  was  obtained  in  the  public  schools  of  East 
Machias,  and  in  Washington  Academy,  located  in  his  native  town, 
from  which  he  graduated  in  1888. 

Brought  up  in  a  community  chiefly  interested  in  lumber  and 
shipping,  he  spent  much  of  his  time  in  his  father's  mill  and  in  the 
woods,  of  which  his  father  owned  large  tracts.  He  thus  acquired 
not  only  an  intimate  knowledge  of  these  industries  and  a  deep 
interest  in  them,  but  habits  of  close  observation  and  independent 
thought,  which  marked  his  later  life  and  work. 

In  the  fall  of  1888  he  entered  the  Massachusetts  Institute  of 
Technology  and  graduated  from  the  department  of  civil  engineer- 
ing in  1892. 

He  then  entered  the  employ  of  the  Associated  Factory  Mutual 
Fire  Insurance  Companies  of  Boston,  taking  part  in  a  series  of 
tests  upon  cast-iron  water  pipe  and  fittings  being  conducted  at 
Nashua,  N.  H.,  by  Mr.  John  R.  Freeman. 

In  the  following  fall  he  was  called  to  the  Massachusetts  Insti- 
tute of  Technology  as  assistant  to  Professor  Dwight  Porter  in  the 
department  of  hydraulics,  but  resigned  his  position  at  the  end  of 
the  academic  year  to  take  up  practical  work  again  and  to  re-enter 
the  employ  of  the  Factory  Mutual  Company. 

Here  his  time  was  divided  between  the  testing  department,  in 
which  he  made  tests  of  various  fire  protection  and  prevention  de- 
vices, the  inspection  department  in  which  he  visited  mills  in  dif- 
ferent parts  of  the  country  and  made  plans  of  and  reported  upon 
them,  and  in  the  private  work  of  Mr.  John  R.  Freeman,  then 
engaged  in  addition  to  his  regular  duties  as  engineer  to  the  Factory 
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Mutual  Company,  in  preparing  plans  for  the  improvement  of  the 
Pennichuck  Water  Works  at  Nashua,  N.  H.,  and  of  the  power 
plant  of  the  Piscataquis  Pulp  and  Paper  Company,  and  in  various 
other  kindred  projects. 

In  February,  1898,  Mr.  Pope  obtained  leave  of  absence  from  his 
company  to  devote  himself  to  the  lumber  interests  of  his  family 
estate.  Later,  after  making  a  somewhat  extended  tour  through 
the  southern  and  western  states  with  his  mother,  he  resumed  his 
active  cormection  with  the  company  in  June.  1900. 

From  this  time  his  work  lay  principally  in  the  inspection  depart- 
ment of  the  company;  first  in  routine  inspection  work,  later  in 
special  inspections.  His  early  training  and  natural  traits,  com- 
bined with  his  personal  experience  with  the  practical  affairs  of 
business,  stood  him  in  good  stead  and  made  him  a  most  valuable 
man  for  the  department.  Clear  headed,  well  balanced,  and  judi- 
cially minded,  he  was  well  fitted  to  do  the  work  which  fell  to  him, 
and  merited  the  words  of  commendation  of  one  of  his  associates, 
who  wrote  after  Mr.  Pope's  death: 

"It  is  the  verdict  of  all  that  the  work  done  in  each  of  these 
various  fields  was  well  done,  and  that  the  results  were  received  by 
those  who  used  them  with  the  fullest  confidence.  In  every  case 
strong  common  sense  and  a  clear  appreciation  of  relative  values 
were    predominating    characteristics." 

Mr.  Pope  was  much  interested  in  engineering  matters  and  was 
a  member  of  various  engineering  societies  —  amongst  them  the 
American  Society  of  Civil  Engineers  (in  which  he  was  an  asso- 
ciate member),  The  Boston  Society  of  Civil  Engineers,  The  New 
England  W^ater  Works  Association,  The  Society  of  Arts,  and  of 
the  Technology  and  Appalachian  Mountain  Clubs. 

He  was  devoted  to  his  old  home  and  took  a  warm  and  active 
interest  in  its  affairs,  as  was  shown  by  his  presenting  to  the  town 
of  East  Machias,  jointly  with  his  brothers,  John  A.  and  W^arren  F. 
Pope,  a  new  bridge  across  the  East  Machias  River.  This  structure, 
a  fine  three-span,  re-enforced,  concrete  masonry  arch,  was  built 
to  replace  a  dangerous  old  timber  crib  bridge,  not  only  as  a  memo- 
rial to  the  Pope  family,  which  had  been  prominently  identified 
with  the  affairs  of  the  town  for  a  century,  but  as  an  object  lesson 
to  the  communitv. 
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His  Alma  Mater  and  the  Washington  Academy,  of  which  he 
was  a  trustee,  also  claimed  Mr.  Pope's  interest,  and  were  sub- 
stantially remembered  by  bequests  in  his  will. 

Last  summer  Mr.  Pope  took  the  opportunity  to  travel  abroad 
for  some  months  for  rest  and  recreation,  but  shortly  after  his 
return  serious  symptoms  developed  and  he  died  of  acute  Bright's 
disease  at  Brookline,  Mass.,  on  December  10,  1904. 

Quiet  and  reserved  to  the  world,  but  a  warm  and  loyal  friend, 
simple  in  tastes,  with  high  ideals,  a  well  balanced  and  indomitable 
worker,  Macy  Stanton  Pope  will  long  be  remembered  by  his  friends 
as  a  good  example  of  a  fine  and  virile  type  of  New  Englander. 

He  was  elected  a  member  of  this  Association  on  March  13, 
1901. 


BOOK  NOTICE. 

"  Water  and  Public  Health."  By  James  H.  Fuertes.  12  mo.  75  pages. 
John  Wiley  &  Sons,  New  York.     Price,  $1.00. 

This  little  book  discusses  in  an  interesting  manner  the  relations  between  the 
character  of  the  water  supplies  in  some  seventy-five  cities  and  the  typhoid 
fever  death-rates  for  the  years  1890-1895  inclusive.  It  is  profusely  illustrated 
by  diagrams.  Typhoid  fever  is  the  only  water-borne  disease  considered,  and 
no  reference  is  made  to  other  means  of  dissemination  of  this  disease. 
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I  hardly  need  say,  for  this  audience  will  speedily  discover  it 
for  themselves,  that  I  am  not  a  practical  water- works  man. 

My  regular  calling  is  the  law.  But  problems  connected  with 
water  works  have  engaged  my  attention  almost  constantly  for 
nearly  ten  years,  and  this  Association  has  done  me  the  honor  to 
admit  me  to  its  membership. 

I  fully  realize  that  discussions  of  municipal  ownership  are 
nearly  twenty  years  behind  the  times,  but,  while  I  yield  to  no 
one  in  pride  in  my  native  state,  I  am  obliged  to  confess  that  it 
is  only  recently  that  municipal  ownership  became  generally  prac- 
ticable in  our  state. 

More  than  thirty  years  ago  excessive  indulgence  in  municipal 
aid  to  railroad  enterprises  led  to  the  adoption  of  a  constitutional 
debt  limit  of  five  per  cent.,  with  no  exceptions  in  favor  of  water 
debts.  At  that  time  there  were  few  water  plants  in  the  state, 
and  as  others  came  to  be  installed  by  private  parties  the  owners 
found  this  municipal  debt  limit  a  safe  barrier  against  disturb- 
ance of  their  investments.  The  leading  water-works  owners  were 
also  leading  railroad  men,  and  as  our  principal  railroads  are  part 
and  parcel  of  the  Boston  &  Maine  system,  the  whole  combination 
of  railroad  lawyers  and  lobbyists  of  i\Iaine  and  Massachusetts 
was  constantly  arrayed  against  all  efforts  at  municipal  ownership. 
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At  one  time,  ten  or  twelve  years  ago,  a  noteworthy  attempt 
was  made  to  change  the  constitution  so  that  water  debts  would 
be  excepted  from  its  operation.  The  owners  of  water  systenLs, 
through  their  friends  and  agents,  worked  up  a  perfect  scare  among 
the  saving  banks  of  the  state,  each  one  of  which  held  a  few  water 
company  bonds,  so  that  they  remonstrated  and  protested  with 
the  utmost  vigor  against  the  change,  and  the  legislature  was 
induced  not  to  submit  the  matter  to  the  people  at  all.  The 
attempt  has  never  been  renewed,  and  our  debt  limit  still  remains 
unchanged. 

Living  in  Waterville,  my  interest  was  engaged  in  local  condi- 
tions in  1895.  Two  or  three  years  of  otherwise  fruitless  conten- 
tion over  minor  matters  revealed  to  the  community  that  we  were 
paying  exorbitant  rates  for  wretched  water  service.  Besides 
our  own  city,  three  adjoining  villages  were  supplied  from  the 
same  station  and  reservoir,  making  a  very  remunerative  plant 
for  the  owners,  while  the  water  was  taken  from  a  small  stream 
which  served  as  the  outlet  for  the  sewers  of  another  village  only 
five  miles  away.  This  same  stream  also  furnished  power  for 
pumping.  Spring  water  wagons  made  daily  rounds  and  the 
expense  of  water  from  that  source  in  many  families  equaled  the 
amount  paid  the  public  water  company.  The  fact  that  within 
a  radius  of  ten  miles  were  eight  splendid  ponds  only  added  to 
the  aggravation.  The  owners  of  the  plant  lived  at  a  distance, 
and  the  returns  made  them  satisfied. 

Our  own  city's  debt  was  at  the  limit,  and  the  proposition  was 
too  large  for  the  other  places.  After  wasting  months  of  study 
on  impracticable  plans,  it  occurred  to  me  that  if  all  the  places 
served  should  unite  to  form  a  new  municipality  for  water  pur- 
poses only,  it  would  not  be  subject  to  the  debt  limit  which  by  the 
language  of  the  constitution  applied  expressly  to  cities  and  towns. 
Months  more  were  spent  in  drafting  and  revising  a  bill  to  embody 
this  idea,  and  in  March,  1898. 1  submitted  it  to  my  former  instructor 
in  constitutional  law.  Prof.  James  B.  Thayer,  of  the  Harvard 
Law  School.  In  a  very  kind  note  he  stated  his  belief  that  the 
plan  was  legal  and  encouraged  me  to  present  it  to  the  public. 

The  rest  of  that  year  was  spent  in  holding  meetings  and  con- 
ferences in  the  four  places.     Finally,  only  one  place,  the  Fair- 
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fiokl  Village  Corporation,  decided  to  join  with  our  city  in  asking 
for  the  proposed  legislation. 

The  bill  was  introduced  in  January,  1899,  and  passed  with  no 
opposition.*  In  fact,  up  to  this  time  the  Avater  company  had 
seemed  to  regard  the  whole  matter  as  a  harmless  vagary.  It  was 
provided  that  the  act  should  not  take  effect  unless  approved  by 
a  popular  vote  in  each  of  the  places  composing  the  district. 
Apparently  the  company  assumed  that  the  bill  would  fail  of 
popular  approval,  but  it  was  ratified  by  overwhelming  votes  in 
each  place. 

Proceedings  under  the  act  were  begun  at  once,  and  then  we 
learned  that  the  day  of  gentle  tolerance  was  past.  The  list  of 
counsel  who  appeared  against  that  process  included  about  all 
the  distinguished  corporation  attorneys  in  the  state.  Every 
pretext  for  delay,  and  every  objection  that  human  ingenuity  could 
devise,  were  interposed.  At  length  the  various  questions  as  to 
the  legality  of  the  act,  and  the  right  to  proceed  under  it,  were 
argued  before  the  full  bench  in  Portland  on  successive  days  in 
August,  1900. 

In  March,  1902,  the  court  published  its  opinion,  which  was 
lengthy  and  sweeping.  The  act  was  completely  sustained.  Its 
constitutionality  and  the  legality  of  all  its  provisions  were  upheld. 
And  thus  there  came  into  operation  in  the  state  of  Maine  a  practi- 
cal plan  of  nmnicipal  ownership  where  formerly  the  private  cor- 
poration had  held  almost  unbroken  sway.  Bangor  and  Lewiston, 
to  be  sure,  already  had  city  ownership  of  their  water  plants, 
but  they  began  many  years  ago,  and  the  other  cities  and  towns 
found  it  impossible  to  follow  their  lead  on  account  of  the  debt 
limit. 

The  Kennebec  Water  District,  the  pioneer,  included  Water- 
ville  and  Fairfield,  but  was  also  authorized  to  serve  the  two  adjoin- 
ing towns  of  Benton  and  Winslow,  being  the  territory  already 
served  by  the  Maine  Water  Company. 

The  plan  has  been  adopted  at  Dover  and  Foxcroft,  Augusta, 
Gardiner,  and  Brunswick,  while  many  other  places  are  watching 
its  operations  and  discussing  the  subject  of  its  adoption  for  them- 
selves. 

*  The  act  is  abstracted  in  Appendix  I. 
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The  plan  is  nothing  more  than  the  organization  of  the  desired 
territory  and  people  into  a  new,  distinct,  and  separate  municipality 
for  water  purposes  only,  leaving  all  other  forms  of  municipal 
government  to  pursue  their  accustomed  functions  precisely  as 
though  the  district  had  not  been  organized. 

The  whole  charter  contains  only  sixteen  brief  sections  covering 
about  six  octavo  pages. 

The  act  provided  that  the  district  might  acquire  by  exercise 
of  the  right  of  eminent  domain  "  the  entire  plant,  property,  and 
franchises,  rights,  and  privileges  "  held  by  the  water  company 
within  the  district  and  the  two  adjoining  towns,  and  that  the  court 
should  appoint  a  board  of  three  appraisers  to  "  fix  the  valuation 
of  said  plant,  property,  and  franchises  at  what  they  are  fairly  and 
ecpiitably  worth,  so  that  said  Maine  Water  Company  shall  receive 
just  compensation  for  all  the  same." 

This  provision  made  a  radical  distinction  between  our  appraisal 
and  those  with  which  the  country  has  generally  become  familiar, 
in  that  it  allowed  the  appraisal  of  the  franchise. 

The  inclusion  of  the  franchise  with  the  property  to  be  appraised 
is  the  rule,  but  the  exceptions  are  much  more  numerous  than  the 
cases  where  the  rule  is  followed. 

For  instance,  in  the  Kansas  City  case,  which  is  one  of  the  best- 
known  authorities  in  this  country,  it  was  expressly  provided  by 
contract  before  the  works  were  built  that  after  a  certain  time 
they  should  pass  to  the  city  at  an  appraisal  excluding  the  franchise 
or  value  arising  from  future  earning  capacity.  The  cases  of 
that  class  are  quite  numerous  and,  of  course,  there  can  be 
no  just  complaint  at  the  omission  of  the  franchise  from  the 
valuation. 

In  Massachusetts  we  have  another  class  of  cases,  of  which  that 
at  Newbury  port  is  the  leading  example,  where  the  legislature 
grants  a  Uiunicipality  the  right  to  build  a  competing  system, 
unless  the  water  company  will  sell  out  at  a  valuation  which 
excludes  the  franchise. 

This  procedure  is  legal,  and,  theoretically,  it  is  just  and  fair 
because  as  explained  by  the  Federal  Circuit  Court  "  it  may  well 
be  presumed  that  when  a  franchise  is  obtained  which  is  not  exclu- 
sive, it  is  taken  with  the  knowledge  and  risk  that  the  legislature 
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is  not  precluded  from  granting  at  any  moment  a  similar  and  com- 
peting franchise." 

Practically  these  last-named  cases  arouse  the  most  bitter  con- 
troversy, and  it  is  probably  true  that  the  builders  seldom  realized 
the  full  meaning  of  the  doctrine  that  a  competing  franchise  might 
be  granted  at  any  time. 

The  Waterville  case,  however,  fell  in  neither  of  these  classes, 
but  was  a  plain  case  of  appraisal  of  all  the  property  and  franchises. 

Our  act  contained  one  provision  in  regard  to  appraisal  that  was 
unique,  and  proved  highly  important.     It  was  the  following: 

"  Before  a  commission  is  issued  to  the  appraisers,  either  party 
may  ask  for  instructions  to  the  appraisers,  and  all  questions  of 
law^  arising  upon  said  requests  for  instructions  .  .  .  may  be 
reported  to  the  law  court  for  determination  before  the  appraisers 
proceed  to  fix  the  valuation  of  the  property." 

Under  this  provision,  after  the  determination  by  the  court 
that  the  district  was  legally  constituted,  each  party  presented 
numerous  and  comprehensive  requests  for  instructions,  covering 
every  phase  of  the  appraisal  that  could  be  foreseen.  The  court 
made  some  caustic  remarks  about  the  anomalous  character  of 
this  procedure,  and  then  considered  all  the  requests  of  both  parties 
in  an  opinion  which  has  already  taken  rank  as  one  of  the  most 
important  and  exhaustive  discussions  of  the  general  subject  of 
appraisal  that  has  ever  been  delivered  by  any  court  in  the  world. 

That  opinion  was  received  December  27,  1902,  and  on  the 
6th  of  October,  1903,  the  hearing  on  appraisal  began  at  Water- 
ville before  a  board  agreed  on  by  the  parties,  and  commissioned 
by  the  court,  consisting  of  Hon.  Frederick  A.  Powers,  a  justice 
of  the  Supreme  Court;  Hon.  Frederick  H.  Appleton,  a  prominent 
attorney;  and  Percy  M.  Blake,  Esq.,  a  civil  and  hydrauUc  engineer. 
Careful  preparation  had  been  made  by  both  parties,  and  the  hear- 
ing proceeded  continuously,  two  sessions  a  day  being  held,  until 
the  close  on  October  30.  Within  a  few  days  afterward  the  ap- 
praisers made  their  award,  fixing  the  value  at  $503  437.75. 

The  award  was  large,  but  that  was  expected,  and  the  district 
at  once  accepted  it  without  formal  objection  of  any  kind.  The 
amount  of  the  award  was  subsequently  paid  over,  and  thus  ter- 
minated the  long  contest  in  which  not  only  had  municipal  owner- 
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ship  been  accomplished  for  our  own  community,  but  a  principle 
had  been  established  through  which  the  same  thing  could  be 
accomplished  by  any  community  in  the  state  desirous  of  doing  so. 

And,  of  couEse,  you  can  understand  that  this  has  meant  very 
much  to  me  personally.  The  years  of  contest  with  the  brightest 
minds  in  New  England  over  the  legal  questions  involved  was 
splendid  professional  training. 

And  to  sit  at  the  feet  of  such  men  as  William  R.  Hill,  John  R. 
Freeman,  Freeman  C.  Coffin,  George  C.  Whipple,  and  John  W. 
Alvord,  not  to  mention  such  younger  men  as  Dr.  E.  C.  Levy  and 
Leonard  Metcalf,  and  study  and  discuss  with  them  the  problems 
of  hydraulics  and  health,  of  engineering  and  construction,  of 
finance  and  public  policy,  was  a  liberal  education  in  itself.  And 
then  to  be  concerned  in  taking  over  the  works,  and  have  a  hand 
in  their  operation  and  management,  in  the  construction  of  a  new 
supply  system,  and  the  reconstruction  of  the  distribution  system 
has  still  further  impressed  me  with  the  importance,  yes,  the  true 
greatness,  of  this  subject  to  which  you  gentlemen  are  devoting 
your  lives. 

APPENDIX  I. 

An  Act  to  Incorporate    the    Kennebec   Water  District  (Abstract). 

The  Act  is  Chapter  200  of  the  Private  and  Special  Laws  of  Maine  for  1899. 

Section  1  is  as  follows: 

"  The  territory  and  people  constituting  the  city  of  Waterville  and  the 
Fairfield  Village  Corporation  shall  constitute  a  body  politic  and  corporate, 
under  the  name  of  the  Kennebec  Water  District,  for  the  purpose  of  supplying 
the  inhabitants  of  said  district  and  of  the  towns  of  Benton  and  Winslow  and 
all  said  municipalities  with  pure  water  for  domestic  and  municipal  purposes." 

Sections  2,  3,  and  4  confer  power  to  take  and  distribute  water,  lay  pipe,  etc. 

Section  5  provides  for  organization,  election  of  officers,  etc. 

Sections  6,  7,  8,  and  9  give  the  right  to  condemn  the  old  company's  plant, 
and  provide  for  judicial  appraisal  thereof  by  bill  in  equity  in  the  Supreme 
Court. 

Section  10  grants  authority  to  issue  bonds. 

Section  11  provides  that  water  rates  shall  be  uniform,  and  so  established 
as  to  provide  revenue  for  current  expenses,  maintenance,  extensions,  renewals, 
interest,  and  sinking  fund. 

Section  12  exempts  the  district's  property  from  taxation. 

Section  13  grants  all  necessary  incidental  powers,  rights,  and  privileges. 

Sections  14,  15,  and  16  cover  minor  details. 
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An  amendment  passed  in  1905  broadens  the  financial  powers  of  the  district, 
and  provides  more  specifically  for  the  appraisal  of  damages  in  cases  where 
land  has  been  taken  or  pipes  laid. 

Separate  acts  in  Maine  and  Massachusetts  have  modified  the  general  laws 
of  those  states  so  as  to  include  water  district  obligations  in  the  list  of  invest- 
ments eligible  for  savings  banks. 

APPENDIX  II. 

The  first  decision  of  the  court,  dated  March  3,  1902  (96  Me.  234;  52  Atl. 
Rep.   774),  deals  with  five  leading  propositions  of  the  defense. 

The  first  asserts  the  right  of  the  people  to  take  the  property  and  franchises 
of  a  corporation  already  engaged  in  public  service. 

This  proposition  had  already  been  well  established  by  many  decisions, 
several  of  them  being  by  the  United  States  Supreme  Court,  but  it  was  stub- 
bornly fought  over  in  this  case. 

The  second  and  third  decide  that  it  is  constitutional  to  have  the  value  of  the 
water  company's  property  fixed  by  a  board  of  appraisers  or  commissioners 
without  having  it  passed  upon  by  a  jury,  although  the  act  further  provides 
that  in  settling  ordinary  claims  for  damages  by  reason  of  laying  pipe  across 
private  land,  etc.,  the  damages  shall  be  assessed  by  a  jury,  and  that  the  estab- 
lishment of  these  two  different  modes  of  assessing  damages  under  the  act  is 
not  a  denial  to  the  water  company  of  "  the  equal  protection  of  the  laws." 

The  fourth  contention  was  that  the  taking  of  the  water  company's  property 
would  result  in  the  impairment  of  its  contracts  for  supplying  water  to  the 
various  municipalities  served.  This  objection  was  probably  not  much  relied 
on,  and  the  court  made  short  work  of  it,  saying,  "  A  contract  is  property-  and, 
like  any  other  property,  may  be  taken  under  condemnation  proceedings  for 
public  use." 

The  fifth  and  most  important  proposition  dealt  with  the  debt  limit.  It  was 
admitted  that  the  city  of  Waterville,  a  large  part  of  the  district,  was  already 
in  debt  to  its  limit.  But  the  court  held  that  the  constitutional  limitation  by 
its  express  language  applied  only  to  "  cities  and  towns,"  and  that  it  was 
within  the  province  of  the  legislature  to  establish  other  municipal  corpora- 
tions comprising  territory  already  organized  into  cities  and  towns,  and  that 
these  new  municipalities  would  not  be  governed  by  the  debt  limitation  nor 
their  powers  affected  by  the  fact  that  the  cities  and  towns  of  which  they  were 
composed  were  already  in  debt  to  the  limit.  In  other  words,  the  new  corpo- 
ration is  an  entirely  free  and  independent  municipality.  This  is  in  accordance 
with  established  principles  of  constitutional  interpretation,  but  the  applica- 
tion of  these  principles  to  our  situation  in  Maine  had  not  before  been  made. 

APPENDIX  III. 
Kennebec  Water  District  v.  City  of  Waterville,  and  others.     Kennebec. 
Opinion,  December  27,  1902.* 

*  97  Me.  185;  54  Atl.  Rep.  6;  60  L.  R.  A.  856. 
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{Head  Notes  by  the  Court.) 
An  act  incorporating  the  plaintiff  district  authorized  it  to  acquire,  by  the 
exercise  of  the  right  of  eminent  domain,  "  the  entire  plant,  property,  and 
franchises,  rights,  and  privileges  now  held  by  the  Maine  Water  Company 
within  said  district  and  the  towns  of  Benton  and  AVinslow."  The  act  further 
provides  that  appraisers  appointed  by  the  court  "  shall,  upon  hearing,  fix  the 
valuation  of  said  plant,  property,  and  franchises  at  what  they  are  fairly  and 
equitably  worth,  so  that  said  Maine  Water  Company  shall  receive  just  com- 
pensation for  all  the  same,"  but  that  "  before  a  commission  is  issued  to  the 
appraisers,  either  party  may  ask  for  instructions  to  the  appraisers."  Both 
parties  having  asked  for  instructions,  and  the  questions  of  law  arising  thereon 
having  been  reported  to  the  law  court,  the  court  is  of  opinion  that  the 
appraisers  should  be  instructed  in  accordance  with  the  following  principles: 

1.  The  plaintiff,  if  it  takes  anything,  must  take  all  the  property  held  by 
the  Maine  Water  Company  in  the  Kennebec  Water  District,  and  in  Benton 
and  Winslow,  whether  specifically  named  in  the  act  or  not.  This  includes 
the  real  estate  or  other  property,  if  any,  not  connected  with  the  water  system, 
it  includes  the  plant  or  physical  system,  and  it  includes  all  franchises,  rights, 
and  privileges  held  by  the  water  company,  exercised  or  capable  of  being 
exercised. 

2.  The  Maine  Water  Company  is  a  quasi-public  or  public  service  corpora- 
tion, and  is  entitled  to  charge  reasonable  rates  for  its  services,  and  no  more. 

3.  The  basis  of  all  calculations  as  to  the  reasonableness  of  rates  to  be 
charged  by  a  public  service  corporation  is  the  fair  value  of  the  property  used 
by  it  for  the  convenience  of  the  public. 

4.  At  the  same  time,  the  public  have  the  right  to  demand  that  the  rates 
shall  be  no  higher  than  the  services  are  worth  to  them,  not  in  the  aggregate, 
but  as  individuals. 

5.  Summarized,  these  elemental  principles  are,  the  right  of  the  company 
to  derive  a  fair  income  based  upon  the  fair  value  of  the  property  at  the  time 
it  is  being  used  for  the  public,  taking  into  account  the  cost  of  maintenance 
or  depreciation  and  current  operating  expen.ses,  and  the  right  of  the  public 
to  have  no  more  exacted  than  the  services  in  themselves  are  worth. 

6.  The  reasonableness  of  the  rate  may  also  be  affected,  for  a  time,  by  the 
degree  of  hazard  to  which  the  original  enterprise  was  naturally  subjected; 
that  is,  such  hazard  only  as  may  have  been  j  ustly  contemplated  by  those  who 
made  the  original  investment,  but  not  unforeseen  or  emergent  risks.  And 
such  allowance  may  be  made  as  is  demanded  by  an  ample  and  fair  public 
policy.  If  allowance  be  sought  on  account  of  this  element,  it  would  be  per- 
missible at  the  same  time  to  inquire  to  what  extent  the  company  has  already 
received  income  at  rates  in  excess  of  what  would  otherwise  be  reasonable, 
and  thus  has  already  received  compensation  for  this  hazard. 

7.  The  franchises  granted,  to  the  Waterville  Water  Company  by  Chapter  141 , 
Private  and  Special  Laws  of  1881,  as  amended  by  Chapter  59,  Private  and 
Special  Laws  of  1887,  and  Chapter  14,  Private  and  Special  Laws  of  1891, 
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and  to  the  Maine  Water  Company  by  Chapter  352,  Private  and  Speciiil  Laws 
of  1893,  are  not  exclusive.  Neither  are  they  perpetual  and  irrevocable.  They 
are  subject  to  legislative  repeal.  In  fixing  the  value  of  the  franchises,  both 
of  these  considerations  are  entitled  to  their  just  weight.  If  the  business  of 
the  company  is  now  practically  exclusive,  in  that  it  has  no  competitor,  that 
fact  also  may  and  should  be  considered  by  the  appraisers  when  they  fix  the 
value  of  the  property  of  the  company  as  a  going  concern. 

8.  In  determining  the  present  value  of  the  company's  plant,  the  actual 
construction  cost  thereof,  with  proper  allowances  for  depreciation,  is  legal 
and  competent  evidence,  but  it  is  not  conclusive,  nor  controlling. 

9.  The  request  that  "  under  no  circumstances  can  the  value  of  the  plant 
be  held  to  exceed  the  cost  of  producing  at  the  present  time  a  plant  of  equal 
capacity  and  modern  design  "  should  not  be  given.  Among  other  things, 
it  leaves  out  of  account  the  fact  that  it  is  the  plant  of  a  going  concern,  and 
seeks  to  substitute  one  of  the  elements  of  value  for  the  measure  of  value  itself. 

10.  The  actual  rates  which  may  have  been  charged  heretofore,  and  the 
actual  earnings  are  both  admissible  and  material  in  determining  the  value 
of  the  plant.  The  value  of  the  evidence,  however,  will  depend  upon  whether 
the  appraisers  shall  find  that  the  rates  charged  have  been  reasonable. 

11.  The  quality  of  water  furnished  and  of  the  service  rendered,  and  the 
fitness  of  the  plant  and  of  the  source  of  water  supply  to  meet  reasonable 
requirements  in  the  present  and  future  are  material  upon  the  question  of 
present  value. 

12.  The  appraisers  should  regard  the  franchises  of  the  company  as  entitling 
it  to  continue  business  as  a  going  concern,  but  subject  to  all  proper  legal  duties 
governing  public  service  companies. 

13.  Faithfulness  or  unfaithfulness  shown  by  the  water  company  in  the 
past  in  the  performance  of  public  duty  to  furnish  pure  water  at  reasonable 
rates  is  not  a  proper  matter  for  consideration.  It  is  the  franchise  as  it  now 
exists  which  is  to  be  taken  and  paid  for. 

14.  The  liability  of  the  company  to  legal  forfeiture  of  its  franchises  on 
account  of  past  unfaithfulness  and  misbehavior  is  not  to  be  considered. 

15.  If  the  water  company  and  its  predecessors  have  actually  received  more 
than  reasonable  rates  hitherto,  the  excess  cannot  be  deducted  from  the  amount 
to  which  the  company  would  otherwise  be  entitled. 

16.  No  compensation  can  be  allowed  to  the  Maine  Water  Company  for  inci- 
dental damages  to  its  other  property  having  no  physical  connection  with  or 
contiguity  to  that  taken,  and  having  no  relations  with  it  except  those  which 
grow  out  of  common  ownership,  nor  for  the  impairment  of  the  economy  and 
efficiency  of  administration  which  are  obtained  by  the  combination  of  many 
water  sj'stems  under  one  management. 

17.  The  real  estate  or  other  outside  property  not  directly  connected  with 
the  water  system  should  be  appraised  at  its  fair  market  value,  not  at  forced 
sale,  but  at  what  it  is  fairly  worth  to  the  seller,  under  considerations  permitting 
a  prudent  and  beneficial  sale  thereof. 
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18.  The  appraisers  may  properly  consider  what  the  existing  system  can 
be  reproduced  for.  But  the  cost  of  reproduction  will  not  be  conclusive. 
It  will  be  evidence  having  some  tendency  to  prove  present  value.  The  inquiry 
along  the  line  of  reproduction  should  be  limited  to  the  replacing  of  the  present 
system  by  one  substantially  like  it. 

19.  In  estimating  even  the  structure  value  of  the  plant,  allowance  should 
be  made  for  the  fact,  if  proved,  that  the  company's  water  system  is  a  going 
concern  with  a  profitable  business  established,  and  with  a  present  income 
assured  and  now  being  earned. 

20.  8o  far  as  the  water  system  is  practically  exclusive,  the  element  of 
good-will  should  not  be  considered. 

21.  In  fixing  structure  value,  while  considering  the  fact  that  the  system 
is  a  going  concern,  the  appraisers  should  also  consider,  among  other  things, 
the  present  efficiency  of  the  system,  the  length  of  time  necessary  to  construct 
the  same  de  novo,  and  the  time  and  cost  needed  after  construction  to  develop 
such  new  system  to  the  level  of  the  present  one  in  respect  to  business  and  in- 
come, and  the  added  net  income  and  profits,  if  any,  which  by  its  acquirement 
would  accrue  to  a  purchaser  during  the  time  required  for  such  new  construc- 
tion, and  for  such  development  of  business  and  income.  But  these  are  to  be 
considered  "  among  other  things."  They  are  not  controlling.  Their  weight 
and  value  must  depend  upon  the  varying  circumstances  of  each  particular 
case. 

22.  In  addition  to  structure-values,  the  appraisers  should  allow  just  com- 
pensation for  all  the  franchises,  rights,  and  privileges  to  be  taken. 

23.  The  value  of  the  franchise  depends  upon  its  net  earning  power,  present 
and  prospective,  developed  and  capable  of  development,  at  reasonable  rates; 
and  the  value  to  be  assessed  is  the  value  to  the  seller,  and  not  to  the  buyer. 

24.  In  considering  prospective  development  of  the  use  of  a  franchise, 
consideration  must  also  be  had  of  the  fact  that  further  investment  may  be 
necessary  to  develop  the  use,  and  of  the  further  fact  that  at  any  stage  of 
development  the  owner  of  the  franchise  will  be  entitled  to  charge  only  reason- 
able rates  under  the  conditions  then  existing. 

25.  Subject  to  all  the  foregoing  limitations,  the  owner  is  entitled  to  any 
appreciation  due  to  natural  causes. 

26.  The  fact  that  the  franchises  are  to  be  taken  in  no  respect  impairs  their 
value  for  the  purposes  of  appraisal. 

27.  The  property  to  be  taken,  both  plant  and  franchises  are  to  be  appraised 
having  in  view  their  value  as  property  in  itself  and  their  value  as  a  source  of 
income.  There  are  these  elements  of  value,  but  only  one  value  of  one  entire 
property  is  to  be  appraised  in  the  end.  These  elements  necessarily  shade  into 
each  other. 

2S.  The  capitalization  of  income  even  at  reasonable  rates  cannot  be  adopted 
as  a  sufficient  or  satisfactory  test  of  present  value.  But  while  not  a  test,  pre- 
sent and  probable  future  earnings  at  reasonable  rates  are  properly  to  be 
considered  in  determining  the  present  value  of  the  system. 
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29.  The  appraisers  should  be  instructed  to  receive  and  consider  all  evi- 
dence offered,  so  far  as  admissible  under  the  general  rules  of  law,  which  is 
pertinent  under  the  rules  stated  in  the  requests  of  the  parties,  so  far  as  they 
have  been  approved,  and  as  limited  or  explained,  in  the  opinion  of  the  court. 
See  S.  C.  96  Maine,  234. 

DISCUSSION. 

Mr.  J.  O.  Hall.  I  should  like  to  ask  how  that  $503  000  was 
provided  for.  Was  it  all  furnished  by  Waterville  and  then  divided; 
and  if  so,  in  what  way? 

Mr.  Eaton.  The  city  of  Waterville  and  the  Fairfield  Village 
Corporation  make  a  new  municipality,  and  that  municipality, 
with  an  independent  organization  for  water  purposes  only,  raised 
the  money  by  its  own  operations.  The  money  was  all  procured 
here  in  Boston,  on  the  district's  obligations. 

I  might  say  that  in  considering  the  subject  since  the  establish- 
ment of  the  district,  one  needs  to  drop  "  Waterville  "  and  "  Fair- 
field ";  the  Kennebec  Water  District  is  its  name  for  all  of  these 
questions. 

Mr.  Hall.  What  effect  have  all  these  things  had  on  the  rate 
of  taxation  in  Waterville? 

Mr.  Eaton.  Not  any  effect  w^hatever.  The  expenses  of  the 
district  are  paid  from  the  water  rates  or  the  issue  of  bonds.  There 
is  no  connection  whatever  between  the  district's  organization  and 
the  cities  or  towns  composing  the  district,  except  that  in  case 
we  have  a  surplus,  —  which  we  hope  will  happen  some  day,  but 
which  has  not  occurred  yet,  —  that  surplus  is  to  be  returned  to  the 
cities  and  towns  composing  the  district,  in  the  proportions  in 
which  they  contributed  to  the  revenue. 

Mr.  Freeman  C.  Coffin.  I  have  been  very  much  interested  in 
this  paper  of  Mr.  Eaton's,  and  I  was  very  much  interested  in  the 
proceedings  which  led  to  placing  the  value  on  these  works.  You 
all  see  how  young  a  man  Mr.  Eaton  is,  or  looks  to  be,  and  yet  I 
first  heard  of  him  as  "  the  father  of  the  Maine  Water  District  Bill." 
(Laughter.) 

We  find  some  differences  between  what  might  be  called  the 
feeling  or  the  sentiment  in  Maine  towards  these  questions  and 
that  in  Massachusetts.  I  think  that  a  water- works  system  in 
Maine  is  regarded  niore  as  a  strictly  private  business  than  in 
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Massachusetts.  It  seems  to  be  the  feeling  there  that  these  com- 
panies own  their  w^orks  as  they  w^ould  own  a  large  department 
store,  without  regard  to  the  public  interest.  And  if  the  water 
works  are  taken  away  from  them,  they  look  upon  it  as  the  taking 
away  of  a  business  which  belonged  to  them  just  as  strictly  as  if 
it  had  been  what  we  consider  a  private  business  in  which  pul)lic 
interests  had  no  place. 

As  I  look  at  the  matter,  I  certainly  agree  with  Mr.  Eaton  in 
his  suggestion  that  there  is  a  franchise  value,  or  whatever  you 
please  to  call  it;  there  is  a  certain  value  in  a  water- works  system 
for  which  the  company  is  entitled  to  receive  compensation.  On 
the  other  hand,  when  a  company  is  given  the  right  by  the  legisla- 
ture to  take  a  water  supply  —  and  they  always  try  to  take  the 
best  to  be  obtained,  and  the  one  that  can  be  the  most  economically 
developed  —  certainly  they  are  given  something  that  is  on  broad 
principles  the  property  of  the  public,  they  are  given  something 
in  which  the  public  has  rights.  When  a  company  is  given  the 
right  to  supply  the  public  with  water,  it  is,  I  believe,  upon  the 
theory  that  it  is  first  for  the  convenience  and  benefit  of  the  public, 
and,  secondly,  to  enable  it  to  make  a  reasonable  profit  for  itself. 
It  certainly  should  have  a  reasonable  profit.  I  have  no  sympathy 
whatever  with  the  idea  that  a  municipality  may  take  a  water- 
works system  because  it  has  become  a  paying  investment  after 
years  of  work  in  building  it  up,  and  pay  for  it  the  bare  cost  of  the 
physical  plant.  Surely  there  is  something  of  value  besides  that. 
However,  I  do  not  believe  that  a  company  should  have  compensa- 
tion given  to  it  on  the  basis  of  a  very  large  bonus  over  and  above 
the  value  of  that  plant;  that  is  to  say,  I  do  not  believe  that  it  is 
fair  to  pa}^  for  it  on  the  basis  of  the  capitalized  revenue,  in  which 
the  rates  are  more  than  reasonable;  that  is,  the. company  should 
be  paid  for  all  of  its  work  and  expense,  and  a  fair  and  reasonable 
profit,  but  it  should  not  be  paid  for  rights  that  have  been  intrusted 
to  it  by  the  legislature  with  which  to  serve  the  public,  nor  should 
it  be  given  any  monopoly  value. 

Now,  of  course,  there  is  a  question  as  to  what  are  reasonable 
rates.  I  think  you  will  all  agree  with  me  that  it  cannot  be  said 
that  the  rates  in  one  town  are  reasonable  or  unreasonable  because 
in  another  town,  or  in  several  other  towns,  the  rates  are  higher 
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or  lower.  1  do  not  believe  that  has  very  much  to  do  with  it.  Each 
town  has  its  own  conditions  of  cost,  and  the  rates  to  be  reasonable 
should  be  based  on  those  conditions.  I  should  suppose  that  the 
reasonableness  of  rates  rests  mainly  on  the  return  which  the 
company  receives  for  its  money. 

The  opinion  of  the  court  on  these  Maine  cases,  as  I  read  it  and 
understand  it,  was  that  the  question  of  reasonable  rates  should 
have  its  influence  on  the  award  for  compensation.  Now,  if  rates 
are  reasonable,  or  such  as  will  give  a  company  a  reasonable  rate 
of  return  upon  its  investment  if  they  are  to  be  made  reasonable, 
then,  if  the  award  is  made  upon  the  capitalization  of  net  revenue, 
it  isn't  going  to  give  a  tremendous  bonus.  As  I  said  before,  I 
think  it  is  perfectly  right  for  a  company  to  make  a  good,  reason- 
able profit,  and  it  is  entirely  out  of  the  question  to  expect  to  get 
water  works,  or  the  water,  on  the  basis  of  the  value  of  the  physical 
plant  only,  without  taking  into  consideration  the  value  of  the 
franchise  or  the  value  of  the  property  as  a  going  concern. 

I  have  always  been,  in  these  cases,  on  the  side  of  the  munici- 
pality, not  from  any  special  choice  of  my  own.  I  have  the 
pleasure  of  doing  other  kinds  of  engineering  work  for  a  great 
many  companies,  but  I  have  not  been  employed  by  companies 
on  these  valuation  cases,  and  I  suppose  I  am  known  in  this  con- 
nection as  a  municipal  man.  I  try,  however,  to  look  at  the  ques- 
tion upon  both  sides  and  I  know  that  there  is  a  chance  for  an 
honest  difference  of  o'pinion. 

It  seems  to  me  that  when  works  of  this  kind  are  being  valued, 
unless  it  is  otherwise  provided  for  b}^  charter  or  agreement,  it 
should  be  on  a  capitalization  basis,  and  I  should  like  to  say  just 
a  word  here  upon  that  point.  There  is  a  great  deal  of  opposition 
to  valuing  these  plants  on  a  capitalized  basis,  but  I  cannot  see, 
from  either  side  of  the  question,  why  that  should  be  opposed  if  it 
is  done  fairly.  We  will  all  of  us  agree  that  the  cost  of  a  thing  is 
not  always  its  value;  there  are  some  other  considerations  that 
come  in  to  make  up  the  value.  For  instance,  if  a  water  works 
was  not  bringing  in  a  revenue  sufficient  to  meet  expenses,  and  pay 
interest  upon  the  cost,  no  one  would  want  to  pay  for  those  works 
the  full  cost  of  their  construction.  Now,  on  the  other  hand,  why 
should  not  there  be  a  certain  increase  over  the  cost  of  the  con- 
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struction  if  they  are  paying  a  profit,  to  compensate  a  company  for 
its  risk  in  the  original  undertaking  and  its  enterprise  in  establish- 
ing and  building  up  the  works  by  capitalization? 

I  was  going  to  say  that  on  that  basis  of  valuation  —  and  I 
believe  that  most  of  the  works  have  really  been  valued  on  that 
basis,  with  a  great  deal  of  regard,  at  least,  to  that  basis  —  every- 
thing in  the  way  of  operating  expenses  should  be  considered  in 
ascertaining  the  net  revenue.  The  true  net  revenue  is  not  the 
gross  revenue  less  the  operating  expenses,  if  you  do  not  consider 
the  depreciation  of  the  plant.  Any  business  man,  carrying  on  a 
business  in  a  proper  way,  makes  provision  for  the  depreciation  of 
his  plant.  So,  in  a  water-works  system,  a  certain  amount  should 
be  provided  each  year  for  depreciation  of  the  plant,  as  munici- 
palities do  by  their  sinking  fund,  and  that  amount  should  be 
deducted,  in  addition  to  the  operating  expenses,  from  the  gross 
revenue.  To  deduct  simply  the  operating  expenses  from  the 
gross  revenue  is  a  false  way  of  getting  at  the  net  revenue  and  gives 
an  improperly  high  value. 

When  you  take  all  those  things  into  consideration,  and  when 
you  take  into  consideration,  to  a  certain  extent,  the  reasonable- 
ness of  the  rates,  capitalizing  the  net  revenue  will  not  provide  an 
excessive  bonus  over  the  value  of  the  plant  itself. 

Prof.  E.  G.  Smith.  Regarding  the  valuation  of  the  franchise,  1 
have  never  been  able  to  satisfy  myself  as  to  the  difference  between 
valuing  the  franchise  —  which,  after  all,  is  merely  a  contract  — 
and  the  waterworks  as  "  a  going  concern."  Out  West  we  do  not 
believe  in  selling  a  franchise,  but  the  works  are  looked  at  as  a 
going  concern,  for  the  franchise  can  have  no  value  if  it  does  not 
give  some  value  to  those  who  own  it. 

Respecting  this  matter  of  public  and  private  ownership,  there 
is  another  interesting  question  brought  up  besides  that  of  the 
valuation  of  water  works.  In  the  West,  where  change  from 
private  to  public  ownership  is  going  on,  it  is  not  accomplished  by 
the  establishment  of  a  new  district,  as  has  been  here  brought  out, 
but  it  is  done  imder  laws  which  allow  a  city  to  enter  into  contract 
with  a  private  company. 

The  city  of  Kenosha,  Wis.,  could  not  raise  the  money  to  estab- 
lish a  water  system  since  it  was  bonded  to  the  full  extent,  as  is 
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unfortunately,  the  case  with  so  many  of  our  western  cities,  but 
it  was  possible  to  raise  money  for  operation  by  direct  taxation, 
by  increasing  the  rate.  Therefore  it  entered  into  a  contract  with 
a  private  company  to  build  the  plant,  the  sums  which  were  paid 
in  annually  establishing  a  sinking  fund  which,  after  a  certain 
period,  would  allow  the  return  of  the  plant  to  the  city.  This  plan 
has  been  passed  upon  by  the  Supreme  Court  of  Wisconsin,  and 
several  cities  in  our  state  have  had  their  works  put  in  under  this 
method.  Of  course  the  works  ultimately  revert  to  the  city  and 
become  its  property. 

I  hope  that  this  extremely  important  paper  by  Mr,  Eaton  will 
be  printed,  and  along  with  it  the  decisions  of  the  court  which  he 
refers  to.  It  is  really  an  epoch-making  work  which  has  been 
done  here,  and  this  paper  itself,  and  the  decisions  which  Mr. 
Eaton  has  mentioned,  the  rulings  of  the  lower  and  the  upper 
courts,  should  have  a  wide  circulation. 

Regarding  this  matter  of  public  and  private  water  works  I 
want  to  say  that  the  Mississippi  River  drains  a  territory  having  a 
population  of  upwards  of  six  millions  of  people  from  its  upper  to 
its  lower  extent,  a  population  which  is  bound  to  increase.  And 
this  river,  receiving  as  it  does  the  drainage  from  this  inmiense 
population,  is  yet  the  water  supply  of  a  good  portion  of  that 
population. 

Between  Brainerd,  Minn.,  on  the  north,  and  New  Orleans  on 
the  south,  not  including  the  influent  streams,  there  are,  as  has 
been  said,  twenty-six  cities  taking  their  water  supply  directly 
from  the  river,  and  of  this  number  eighteen  of  the  works  are  owned 
by  cities  or  towns  upon  the  banks,  and  eight  of  them  are  operated 
under  private  franchises  by  private  corporations.  Of  these  eight 
private  works  there  is  but  the  one,  Brainerd,  Minn.,  which  has  not 
a  filtering  plant,  and  it  supplies  a  population  of  only  seven 
thousand  at  the  upper  reaches  of  the  river  where  the  water  is 
relatively  pure. 

The  population  supplied  by  water  from  the  Mississippi  River 
is  almost  one  and  a  half  millions;  275  000  people  out  of  this  one 
and  a  half  million  are  supplied  by  private  corporations,  and  only 
about  seven  thousand  of  this  number  are  left  unprotected  by  filtra- 
tion of  the  water.     On  the  other  hand,  of  the  eighteen  cities  and 
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towns  supplied  under  public  ownership,  but  three  of  tliern  '■ —  those 
at  Dubuque,  Iowa,  and  at  Moline  and  Rock  Island,  111. —  filter  their 
water  or  attempt  to  filter  it  in  any  way.  And  of  the  three  cities 
mentioned,  Dubuque  takes  but  very  little  water  from  the  river, 
the  supply  being  largely  from  artesian  wells,  and  at  Rock  Island 
the  filter  plant  is  unsatisfactory,  leaving  Moline  the  only  city 
which  filters  the  supply  of  water,  and  there  the  plant  has  been 
installed  only  since  last  spring.  So  that  of  this  million  and  a  half 
population,  about  a  million  and  a  quarter  are  supplied  with  water 
under  municipal  ownership,  and  of  that  number  not  to  exceed 
seventy-five  thousand  people  have  a  nominal  protection  of  filtra- 
tion. The  other  fifteen  cities  and  towns,  representing  a  population 
of  about  twelve  hundred  thousand  people  supplied  under  municipal 
ownership,  have  little  protection  as  to  the  purity  of  their  water. 

This  is  an  astonishing  showing,  but  it  brings  out  the  other  side 
of  this  question.  Everybody's  business,  I  suppose,  is  nobody's 
business.  I  do  not  say  that  the  water  companies  are  great  chari- 
table institutions  established  for  the  health  of  the  people  and  the 
benefit  of  the  nation  at  large.  But  they  are  alive  to  the  public 
demands  for  waters  of  good  quality,  and  suitable  for  all  purposes, 
and  the  attempt  is  made  to  establish  and  operate  purification 
I)lants  of  as  high  efficiency  as  the  present  condition  of  the 
science  of  filtration  and  purification  can  offer.  Undoubtedly 
pressure  is  brought  to  bear  upon  them  in  order  to  produce  results, 
but  the  facts  along  the  Mississippi  River  are  as  I  have  stated. 

I  have  been  extremely  interested  in  this  question,  and  I  think 
that  the  discussion  you  have  here  is  very  far-reaching.  I,  for 
one,  feel  very  much  indebted  to  Mr.  Eaton  for  the  splendid  way 
in  which  he  has  brought  out  to  us,  so  clearly  and  so  fully,  the  work 
which  has  been  done  in  Maine,  and  for  the  struggle  which  he  has 
officered  through  in  such  a  splendid  manner. 
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THE  KENNEBEC  VALLEY  TYPHOID  FEVER  EPIDEMIC 

OF  1902-1903. 

BY  GEORGE  C.  WHIPPLE  *  AND, DR.  E.  C.  LEVY.f 

[Read  February  S,  IWo.] 

The  recent  appraisals  of  the  water  works  of  Waterville  and 
Augusta,  Me.,  necessitated  a  careful  study  of  the  typhoid  fever 
epidemic  which  swept  through  the  Kennebec  Valley  during  the 
winter  ancT  spring  of  1902-3,  At  the  time  when  this  epidemic 
occurred  the  plan  of  municipal  ownership  through  the  agency  of 
''  water  districts  "  had  been  suggested  and  the  law  had  been  pro- 
nounced constitutional  by  the  courts.  The  bad  quality  of  the  water 
supplied  to  these  communities  had  much  to  do  with  this  demand 
for  public  ownership,  and  the  outbreaks  of  typhoid  fever  naturally 
hastened  the  actions  which  had  been  contemplated.  The  epi- 
demic itself  presented  no  novel  features  and  its  history  is  much 
the  same  as  that  of  many  other  epidemics  of  typhoid  fever  due 
to  public  water  supplies.  Its  magnitude,  however,  makes  it 
deserve  a  place  among  the  important  epidemics  of  the  country. 

The  detailed  study  made  necessary  by  the  fact  that  testimony 
regarding  the  sanitary  quality  of  the  water  supply  was  to  be  pre- 
sented at  the  hearings  and  considered  by  the  court  in  appraising 
the  value  of  the  water  works  is  perhaps  worthy  of  record.  It  is 
quite  -possible  that  the  time  may  come  when  water  companies  and 
cities  will  be  held  legally  responsible  for  the  loss  of  life  occasioned 
by  such  epidemics,  and  should  this  occur  it  might  be  necessary  to 
prove  in  court  the  cause  of  the  epidemic  and  the  agency  of  the 
water  as  a  distributor  of  infection.  Those  who  are  familiar  with 
legal  proceedings  will  recognize  that  to  do  this  is  not  as  easy  as 
to  study  an  epidemic  from  a  purely  scientific  standpoint.  The 
subject  viewed  in  this  aspect  is  therefore  worthy  of  careful  con- 
sideration by  the  members  of  this  Association. 

*  Consulting  Engineer,  220  Broadway,  New  York  City, 
t  Bacteriologist  and  Chemist,  Richmond,  Va. 
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In  order  to  understand  the  course  of  the  epidemic  it  will  be 
necessary  to  sketch  briefly  the  geography  of  the  region  so  far  as 
it  relates  to  the  water  supplies  of  the  cities  involved. 

GEOGRAPHICAL. 

The  Kennebec  River  drains  a  region,  shown  in  Fig.  1,  situated 
in  the  central  part  of  Maine.  It  rises  north  of  Moosehead  Lake 
and  flows  in  a  southerly  direction  into  Merry  meeting  Bay,  where 
it  unites  with  the  waters  of  the  Androscoggin  River  and  dis- 
charges ultimately  into  the  Atlantic  Ocean.  It  has  a  total  water- 
shed of  about  6  359  square  miles.  The  flow  of  the  stream  varies 
considerably  at  different  seasons,  although  the  storage  at  Moose- 
head  Lake  tends  to  keep  it  more  uniform  than  many  of  the  rivers 
of  the  state.  There  are  several  excellent  water-powers  along  the 
stream  and  on  its  tributaries,  and  these  water-powers  have  formed 
the  nuclei  of  most  of  the  cities  and  towns  in  the  valley.  The  most 
important  tributaries  of  the  Kennebec  River  below  Moosehead 
Lake  are  the  Dead  River,  the  Carrebasset  River,  Sandy  River, 
the  Messalonskee  River,  the  Sebasticook  River,  and  the  Cobbos- 
seecontee  River.  The  most  important  cities,  and  towns  along  the 
river  are  Solon,  Anson,  Madison,  Norridgewock,  Skowhegan, 
Fairfield,  Waterville,  Winslow,  Augusta,  Gardiner,  Hallowell, 
and  Richmond.  It  is  with  Waterville,  Fairfield,  Winslow,  Benton, 
Augusta,  and  Richmond  that  this  paper  has  to  do.  The  location 
of  these  cities  and  towns  is  shown  in  Fig.  1. 

All  the  cities  and  towns  along  the  river  naturally  drain  into  the 
stream,  so  that  in  the  lower  courses  of  the  river  the  water  is  con- 
siderably polluted.  This  is  shown  by  Tables  No.  1  and  No.  2, 
which  give  the  population  per  square  mile  and  the  amount  of  sew- 
age and  manufacturing  wastes  entering  the  stream  at  various 
places  above  Augusta,  and  also  in  Fig.  2,  which  shows  the  drain- 
age areas  and  populations  above  various  points. 

The  city  of  Waterville  and  the  neighboring  towns  of  Fairfield, 
Winslow,  and  Benton,  were,  at  the  beginning  of  this  investigation, 
supplied  by  the  Maine  Water  Company  with  water  from  the  Mes- 
salonskee stream.  This  stream  has  a  watershed  of  205  square 
miles  above  the  pumping  station  and  drains  a  chain  of  seven  large 
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lakes  which  have  a  combined  water  surface  of  27.5  sciuare  miles. 
Upon  this  watershed  there  dwells  a  population  of  something  over 
five  thousand  persons,  or  about  twenty-seven  per  square  mile. 
The  upper  portions  of  the  watershed  are  comparatively  unpol- 
luted, but  at  the  outlet  of  Messalonskee  Lake  is  the  town  of  Oak- 
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Fig.  2. —  Diagram  Showing  the  Dkainage  Area  and  Population  above 
VARiors  Points  on  the  Kennebec  River. 


land  which  has  a  population  of  approximately  two  thousand.  At 
this  place,  which  is  only  seven  miles  above  the  pumping  station 
of  the  Maine  Water  Company  at  Waterville,  sewage  is  discharged 
from  several  private  sewers.  Along  the  stream  are  a  number  of 
mills,  the  most  important  of  which  are  the  Oakland  and  Cascade 
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Woolen  Mills,  the  mills  of  the  Dvmn  Edge  Tool  Company  and 
the  Emerson  and  Stevens  Company.  They  contribute  not  only 
a  considerable  amount  of  fecal  matter,  but  wool  washings,  dye 
stuffs,  and  other  kinds  of  manufacturing  wastes.  The  Messa- 
lonskee  River  between  Oakland  and  Waterville  flows  rapidly 
during  the  first  half  of  its  course  and  then  somewhat  more  slowly 
as  it  feels  the  effect  of  the  backwater  of  the  water-works  dam. 
The  time  required  for  the  water  to  flow  from  Oakland  to  Water- 
ville is  often  only  a  few  hours.  The  Maine  Water  Company  had 
also  the  right  to  use  the  water  of  the  Kennebec  River,  This 
water  has  been  seldom  used,  although  just  prior  to  the  epidemic 
it  was  pumped  into  the  city  for  a  short  time  because  of  a  fire 
which  occurred  at  Colby  University.  During  the  dry  spell  of 
last  autumn  (1904)  it  was  again  used,  as  the  flow  of  the  Messalon- 
skee  became  insufficient  to  operate  the  pumps. 

As  might  be  naturally  expected  from  the  surroundings,  the 
water  at  the  pumping  station  of  the  Maine  Water  Company  showed 
decided  indications  of  pollution.  Under  ordinary  conditions  the 
water  was  light  colored  and  fairly  clear,  but  after  rains  it  became 
turbid  and  heavily  laden  with  bacteria.  At  all  times  the  intestinal 
germ.  B.  coli,  was  present  in  large  numbers. 

Prior  to  1901  the  typhoid  fever  death  rate  in  Waterville  had 
not  been  especially  high.  During  1901  and  1902,  however,  the 
rate  increased  to  more  than  80  per  100  000,  but  it  was  not  until 
the  autumn  of  1902  that  the  typhoid  situation  became  serious. 

The  city  of  Waterville  is  fairly  well  provided  with  sewers,  and 
at  Waterville,  Winslow,  and  Fairfield  there  are  a  number  of  mills 
which  have  privies  directly  over  the  stream. 

About  eighteen  miles  below  Waterville  is  the  city  of  Augusta, 
the  capital  of  the  state.  Augusta  takes  its  water  supply  directly 
from  the  Kennebec  River  at  a  point  just  above  the  city  near  the 
Kennebec  Dam.  Until  recently  the  works  were  owned  by  the 
Augusta  Water  Company.  The  river  water  was  pumped  to  a 
reservoir,  but  was  first  passed  through  an  old  Warren  filter,  one 
of  the  first  of  its  kind  in  America.  This  was  a  filter  only  in  name, 
and  should  have  been  more  properly  called  a  strainer.  Analyses 
indicated  that  its  bacterial  efficiency  was  practically  nil.  As 
would  be  naturally  expected,  the  river  water  at  Augusta    was 


168  KENNEBEC    VALLEY    TYPHOID    FEVER    EPIDEMIC. 

found  to  be  polluted.  This  was  shown  by  the  analyses  which 
were  made  daily  for  several  months,  but  it  was  even  more  strongly 
demonstrated  by  the  typhoid  fever  statistics  of  the  city. 

The  water  of  the  Kennebec  River  just  below  Waterville  showed 
at  all  times  evidences  of  gross  pollution.  During  its  flow  of 
seventeen  miles  to  Augusta  its  bacterial  quality  appeared  to  im- 
prove somewhat.  In  the  summer  this  improvement  was  much 
more  noticeable  than  during  the  winter,  when  the  river  was  cov- 
ered with  ice.  Float  experiments  which  were  made  indicated 
that  the  time  required  for  water  to  flow  from  one  place  to  the  other 
was  about  three  days  at  times  when  the  discharge  of  the  stream 
was  small.  At  times  of  flood  this  period  is  probably  not  much, 
if  any,  more  than  twenty-four  hours. 

The  Augusta  Water  Company  also  controlled  and  used  a  spring 
water  supply  known  as  the  Devine  water.  In  some  houses  this 
was  used  exclusively,  in  others  both  this  and  the  river  water  was 
used.  The  quality  of  this  water  was  poor,  but  better  than  that 
of  the  river. 

The  sewers  of  Augusta  discharge  into  the  river  and  there  are 
several  mills  along  the  shore  which  pollute  the  water. 

The  town  of  Richmond,  fifteen  miles  below  Augusta,  also  takes 
its  water  supply  from  the  Kennebec  River.  The  conditions  there 
are  such  that  the  main  current  of  the  stream  flows  to  the  east 
of  Swan  Island,  while  the  intake  of  the  water  works  is  located 
in  the  west  channel.  The  river  at  Richmond  is  considerably 
affected  by  the  tides;  in  fact,  the  town  water  is  at  times  brackish. 
Thus,  while  the  town  uses  the  water  which  receives  the  sewage 
of  Augusta,  Waterville,  and  other  cities,  the  tidal  conditions  tend 
somewhat  to  lessen  the  effect  of  this  up-stream  pollution, 
although  they  increase  the  danger  from  local  sources. 

GENERAL    ACCOUNT    OF    THE    TYPHOID     FEVER     EPIDEMIC. 

The  typhoid  fever  epidemic  of  1902-3  began  about  the  middle 
of  November,  1902.  It  was  first  noticed  at  Waterville,  where 
for  about  a  month  new  cases  were  reported  at  the  rate  of  one  a 
day.  On  Christmas  day  there  were  five  new  cases  and  during 
the  next  week  the  daily  number  of  cases  was  the  same.  Thirteen 
were  reported  on  New  Year's  day.     After  the  middle  of  January 
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the  number  of  new  cases  fell  off,  but  they  continued  to  be  reported 
at  intervals  until  March.  In  Fairfield,  Winslow,  and  Benton, 
typhoid  fever  occurred  at  the  same  time.  The  largest  number 
of  cases  was  reported  during  the  first  two  weeks  of  January.  These 
four  communities  liad  the  same  water  supply,  namely,  that  of  the 
Messalonskee  River,  and  from  the  first  it  was  evident  that  this 
was  the  cause  of  the  epidemic. 

As  the  sewage  of  these  typhoid  fever  stricken  communities 
emptied  into  the  Kennebec  River  and  as  the  water  of  this  river 
furnished  the  supply  of  Augusta,  it  was  almost  inevitable  that 
the  epidemic  should  extend  to  that  city  also,  and  this  is  what 
actually  occurred.  During  the  latter  part  of  November  and  the 
whole  of  December  new  cases  of  typhoid  fever  occurred  daily  in 
Augusta.  It  seems  probable  that  these  earlier  cases  were  due  to  the 
same  source  of  infection  that  caused  the  epidemic  at  Waterville, 
inasmuch  as  the  Messalonskee  River  which  supplied  that  city 
discharges  into  the  Kennebec  above  Augusta.  It  was  not  until 
about  two  weeks  after  the  climax  of  the  Waterville  epidemic  that 
the  serious  period  of  the  Augusta  epidemic  began.  During  the 
latter  part  of  December  and  throughout  the  months  of  January 
and  February  the  sewage  at  Waterville  must  have  been  infected 
with  typhoid  fever  bacilli;  and,  making  due  allowances  for  the 
periods  of  sickness,  transmission,  and  incubation,  this  time  cor- 
responded with  the  duration  of  the  epidemic  at  Augusta.  After 
the  Waterville  epidemic  had  ceased  and  sufficient  time  had  elapsed 
for  the  patients  to  recover,  the  epidemic  at  Augusta  came  to  an  end. 

At  Richmond,  which  is  only  a  small  village,  typhoid  fever  did 
not  occur  until  the  middle  of  January,  but  occasional  cases  ap- 
peared during  the  next  two  or  three  months  and  were  plainly 
connected  with  the  epidemic  of  the  cities  above. 

The  city  of  Gardiner  is  situated  between  Augusta  and  Rich- 
mond. It  does  not  take  its  water  supply  from  the  Kennebec 
River,  but  from  the  Cobbosseecontee  River.  This  city  had  no 
epidemic,  although  a  number  of  cases  of  typhoid  fever  occurred 
there.  Most  of  these  were  contracted  at  Augusta.  The  same 
was  true  also  of  the  town  of  Hallo  well. 

Fig.  3  shows  chronologically  the  progress  of  this  epidemic, 
together   with   certain   factors   which    affected   it.     It   indicates 
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that  the  epidemics  in  the  different  communities  formed  a  connect- 
ing series  and  may  be  really  considered  as  one  epidemic,  inasmuch 
as  they  started  from  a  common  cause.  In  all  there  were  about 
612  cases  and  53  deaths. 

INVESTIGATION  OF  THE  EPIDEMIC. 

The  investigation  of  the  Kennebec  A' alley  typhoid,  fever  epi- 
demic was  made  with  unusual  completeness.  It  was  not  only 
desirable  to  ascertain  the  cause  of  the  infection  and  the  agency  of 
transmission  in  order  to  protect  the  health  of  the  citizens,  but 
it  was  necessary  to  prove  beyond  a  doubt  whether  or  not  the 
water  suppl}'  was  a  potent  factor  in  spreading  the  disease,  as  the 
C}uality  of  the  water  was  intimately  involved  in  the  valuation  of 
the  water  works,  both  at  Waterville  and  Augusta.  In  January, 
1903,  one  of  the  \\Titers*  was  retained  by  the  Kennebec  Water 
District  to  investigate  the  quality  of  the  water  supply  and  to 
study  in  detail  the  relation  between  it  and  the  typhoid  fever  epi- 
demic above  described.  In  August  he  was  also  retained  to  make  a 
similar  investigation  for  the  Augusta  Water  District.  The  whole 
investigation  included  a  thorough  sanitary  survey  of  the  water- 
sheds of  the  Kennebec  and  Messalonskee  rivers,  a  long  series  of 
analyses  of  the  water  supplies  and  a  study  of  the  epidemics  above 
mentioned,  besides  many  local  studies  of  a  subsidiary  character. 
Incidentally,  investigations  were  made  looking  towards  the  future 
supplies  of  both  cities.  It  was  necessary  not  only  to  study  all 
of  these  subjects  from  a  scientific  standpoint,  but  to  prepare  the 
data  in  the  form  of  legal  evidence  to  be  presented  in  court.  This 
paper  relates  only  to  those  portions  of  the  work  which  had  to  do 
with  the  typhoid  fever  epidemic. 

TYPHOID  FEVER  IN  WATERVIELE. 

In  studying  the  Waterville  epidemic  the  first  step  taken  was 
to  secure  with  as  much  accuracy  as  possible  certain  information  in 
regard  to  each  case  of  typhoid  fever.     Printed  forms,  a  sample 

*  This  work  was  in  charge  of  Mr.  Whipple.  At  Waterville  he  was  assisted  by  Dr.  E. 
C.  Levy;  at  Augusta,  by  Mr.  Langdon  Pearse,  Sanitary  Engineer,  and  by  Dr.  H.  L. 
Russell,  bacteriologist  of  the  State  Laboratory  of  Hygiene.  Similar  investigations  on  the 
part  of  the  private  water  companies  were  made  by  Mr.  James  M.  Caird,  assistediby  Mr. 
Percy  N.  Coupland,  bacteriologist. 
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of  which  is  given  below,  were  first  distributed  among  the  physicians, 
who  were  requested  to  fill  them  out  and  furnish  any  other  impor- 
tant facts  known  to  them  in  regard  to  each  case  of  typhoid  fever 
which  they  had  attended. 

Typhoid  Fever  Record. 

Case  No 

Name Residence    

Sex Age j-ears months    

Nationality Occupation    

Attended  by  Dr of    

Date  of  first  symptoms First  saw  physician    

Where  living  for  month  preceding  illness,  including  absences  from  home .... 

Source  of  water  used  regularly  for  drinking: 

1.  At  home     

2.  At  place  of  business     

Other  water  occasionally  drunk    

Milk  supplied  by    Address    

Ice    

Other  cases  in  house    

Other  cases  among  business  associates 

Other  cases  where  visiting    

Were  stools  disinfected  during  illness? 

Termination  of  illness  \  Recovery,  date  of  leaving  bed    

\  Death,  date 

Number  of  people  in  hou.se     

Remarks:    


Date  of  above  report Information  given  by 


While  waiting  for  the  return  of  these  blanks  from  the  physicians, 
the  records  of  the  local  Board  of  Health  were  consulted.  As  fast 
as  the  returns  were  received  from  the  physicians,  each  house  where 
a  case  of  typhoid  fever  had  occurred  was  visited  by  an  inspector, 
who  examined  the  surroundings,  checked  up  the  data  recorded 
upon  the  blanks,  and  obtained  as  many  additional  data  as  pos- 
sible. He  also  secured  the  name  of  the  person  furnishing  the  in- 
formation, in  case  it  became  necessary  to  call  witnesses  in  court, 
and  finally  signed  the  completed  record.  Duplicate  copies  of  the 
blanks  were  made  with  carbon  paper  and  one  of  each  placed  in  a 
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safe  to  guard  against  possible  loss.     The  results  were  then  tabu- 
lated for  study  and  in  some  instances  expressed  graphically. 

Data  were  also  collected  regarding  the  previous  history  of  ty- 
phoid fever  in  the  city.  Similar  data  were  obtained  from  Fair- 
field, Winslow,  and  Benton.  These  tables,  No.  3  to  No.  9, 
were  used  in  the  Waterville  hearing  before  the  Board  of  Appraisers. 

The  first  typhoid  canvass  was  followed  by  a  complete  house-to- 
house  canvass  throughout  the  four  places  above  mentioned,  pri- 
marily in  order  to  secure  data  in  regard  to  the  water  used,  but  also 
to  obtain  information  as  to  the  distribution  of  typhoid  fever  among 
users  of  different  classes  of  waters.  This  not  only  accomplished  its 
immediate  object,  but  brought  to  light  a  number  of  additional 
cases  of  typhoid  fever  which  the  physicians  had  failed  to  report, 
some  of  which  might  be  classed  as  "  walking  cases."  No  case 
however,  was  included  in  the  final  compilation  until  it  had  the 
indorsement  of  the  attending  physician. 

It  is  not  necessary  to  relate  in  detail  all  the  steps  that  were 
taken.  Studying  the  etiology  of  the  epidemic  by  the  method  of 
elimination,  all  possible  causes  other  than  the  public  water  supply 
were  readih^  excluded.  It  could  not  have  been  caused  by  flies, 
because  at  the  season  of  the  year  when  the  epidemic  started,  there 
were  no  flies.  Ice  was  excluded,  because  during  the  winter  prac- 
tically no  ice  was  being  used.  Oysters  were  eliminated,  because 
very  few  of  them  were  consumed  in  the  city,  and  because  a  very 
large  part  of  the  epidemic  occurred  among  the  French-Canadian 
laboring  people  who  seldom  purchased  them.  Furthermore, 
the  extended  territory  covered  by  the  epidemic  was  in  itself 
sufficient  to  exclude  the  above  agencies.  Milk  was  excluded  as  a 
general  cause,  because  the  data  collected  indicated,  as  shown  in 
Fig.  4,  that  the  cases  of  typhoid  fever  were  not  concentrated 
among  the  customers  of  one  or  a  few  milkmen,  but  were  well 
distributed  among  the  different  dealers.  The  distribution  was 
found  to  be  roughly  proportional  to  the  size  of  the  business  and 
the  number  of  cows  kept.  It  was  a  singular  fact  that  there  was 
no  case  of  typhoid  fever  among  the  customers  of  J.  W.  Morrill,  in 
whose  family  one  of  the  initial  cases  of  the  epidemic  occurred. 

Vended  spring  waters  were  excluded,  because  the  users  of  this 
class  of  water  suffered  far  less  than  others,  because  the  spring 
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waters  gave  excellent  analyses  and  because  the  water  from  no 
single  spring,  or  group  of  springs,  was  used  over  the  entire  terri- 
tory affected.  The  local  wells  were  studied  by  us  to  some  extent 
and  quite  extensively  by  Mr.  Caird.  Many  were  found  to  be  pol- 
luted, as  would  be  naturally  expected  from  the  local  conditions, 
but  there  was  no  evidence  by  which  infection  could  be  traced 
to  any  one  of  them. 

Practically  the  only  cause  left  for  serious  consideration  was  the 
public  water  supply  of  the  city,  the  cause  to  which  everything 
had  directly  pointed  from  the  start.  The  general  distribution 
of  the  cases  over  an  extensive  territory  (the  various  parts  of 
which  had  in  common  no  possible  causative  factor  other  than  the 
water  supply),  as  shown  in  Fig.  5,  the  chronological  sequence  of 
the  cases,  the  fact  that  in  practically  every  instance  the  patients 
gave  a  history  of  having  regularly  or  occasionally  drunk  the  water 
in  question,  the  data  obtained  as  to  the  relative  prevalence  of 
typhoid  fever  among  users  and  non-users  of  this  water  throughout 
the  district,  and,  lastly,  the  discovery  of  the  actual  means  by  which 
the  water  had  in  all  likelihood  become  infected,  —  all  these  things 
indicated  with  as  much  positiveness  as  is  possible  with  circum- 
stantial evidence  that  it  was  the  public  water  supply  which  was 
the  general  distributing  agent  of  the  infection. 

For  some  time  prior  to  the  epidemic,  the  character  of  the  water 
supply  of  the  city  had  been  such  as  to  lead  to  a  quite  general  use 
of  spring  water,  which  was  peddled  by  several  dealers  and  pur- 
chased by  most  of  those  who  could  afford  it.  Well  and  cistern 
waters  were  used  to  a  considerable  extent.  The  water  of  the 
Kennebec  River  was  used  at  a  number  of  the  mills  and  in  some 
residences,  especially  in  Winslow.  The  figures  obtained  in  the 
general  canvass  and  given  in  Tables  No.  8  and  No.  9  were  of  consid- 
able  interest  in  this  connection.  They  showed  that  the  morbidity 
rate  for  the  epidemic  period  among  those  who  used  Messalonskee 
water  exclusively  was  42.00  per  1  000;  while  among  these  who 
used  Messalonskee  and  some  other  water  it  was  14.55.  If  from 
the  latter  class  there  were  excluded  those  who  used  water  from 
the  Kennebec  River,  which  at  Waterville  is  more  or  less  polluted, 
the  morbidity  rate  was  found  to  be  only  8.74.  It  is  not  to  be  ex- 
pected that  even  in  this  group  there  would  not  be  some  who  had 
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occasionally  used  water  from  the  Messalonskee  supply,  for,  as  a 
matter  of  fact,  there  were  only  five  of  the  Waterville  typhoid 
patients  who  did  not  remember  to  have  used  this  water  at  any  time 
before  being  taken  ill. 

The  figures  given  show  emphatically  that  the  morbidity  rate 
was  highest  among  those  who  used  the  Messaloiiskee  water 
exclusively  and  lowest  among  those  who  did  not  use  it.  It 
must  be  remembered,  of  course,  that  in  any  epidemic  there  are 
always  some  cases  contracted  by  direct  infection  from  other  cases. 

In  Fairfield,  many  of  the  houses  were  supplied  by  water  piped 
from  a  spring  by  a  private  company.  Not  a  single  case  devel- 
oped among  the  takers  of  this  water. 

ORIGIN   OF   THE    EPIDEMIC. 

As  soon  as  it  had  become  evident,  not  only  from  the  exclusion 
of  other  possible  causes  but  from  certain  well-marked  positive 
features  of  the  situation,  that  the  epidemic  was  due  to  drinking 
water,  a  search  for  the  actual  origin  of  the  infection  of  the  public 
water  supply  was  begun.  Our  attention  naturally  was  first  di- 
rected to  Oakland,  as  this  was  the  only  settlement  of  considerable 
size  on  the  Messalonskee  River  above  Waterville.  Inquiry  among 
the  Oakland  physicians  elicited  the  information  that  there  had  been 
but  one  case  of  typhoid  fever  there  during  the  preceding  summer 
and  fall,  up  to  the  beginning  of  the  Waterville  epidemic.  This  case 
had  been  imported  from  Winslow.  An  inspection  of  the  prem- 
ises where  the  patient  resided  convinced  us  that  this  could  not 
possibly  have  been  the  starting  point  of  the  Waterville  epidemic. 

Very  soon  after  the  returns  from  the  typhoid  canvass  began  to 
come  in,  two  possible  sources  of  infection  of  the  city  water  supply 
suggested  themselves,  and  further  investigation  of  these  rendered 
it  reasonably  certain  that  each  of  them  had  offered  abundant 
opportunity  for  the  infection  of  the  Messalonskee  River. 

The  first  of  these  foci  was  at  the  city  almshouse,  located  in  the 
suburbs  of  Waterville  near  the  Messalonskee  stream,  as  shown 
in  Fig.  5.  A  typhoid  fever  patient,  Joe  King,  was  admitted  there 
on  September  22,  1902.  His  attack  was  a  mild  one  and  confined 
him  to  bed  for  only  a  week.  After  leaving  his  bed,  however, 
he    remained    five     davs    longer    at    the  almshouse,    and    dur- 
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ing  this  latter  period  no  attempt  was  made  to  disinfect  either 
excreta  or  urine,  which  were  deposited  sometimes  in  a  privy  in 
the  yard  and  sometimes  in  a  watercloset  which  drained  into  a 
cesspool  on  the  premises.  On  November  6,  1902,  the  privy  and 
cesspool  were  cleaned  and  their  contents  spread  upon  the  alms- 
house garden,  the  ground  being  frozen  at  the  time.  This  was 
only  a  few  hundred  feet  from  the  Messalonskee  River,  into  which 
it  drained.  The  slope  of  the  intervening  land  was  quite  steep  and 
there  was  also  a  distinct  gully  which  showed  every  sign  of  carry- 
ing a  considerable  and  rapid  flow  of  water  across  the  garden  and 
into  the  river  after  heavy  rainfalls. 

The  second  focus  of  infection  was  found  about  a  mile  outside 
of  Waterville,  on  the  other  side  of  the  stream.  During  1902, 
there  had  been  five  cases  of  typhoid  fever  in  the  families  of  J.  W. 
Morrill  and  J.  C.  Morrill,  who  lived  in  farmhouses  situated  just 
across  the  road  from  each  other.  In  all  of  these  cases  except 
one,  a  prompt  diagnosis  had  been  made  and  the  fecal  dejecta  of 
the  patients  had  been  disinfected  and  buried  daily.  In  the  sec- 
ond case  of  the  series,  however,  the  patient,  Mrs.  Studley,  had  been 
ill  several  weeks  before  the  diagnosis  of  typhoid  fever  was  made. 
During  this  time,  i.  e.,  from  September  1  to  September  25,  no  suf- 
ficient disinfection  of  stools  was  practiced,  but  they  were  emptied 
directly  into  a  privy  vault.  Later  on,  at  some  time  early  in  No- 
vember, the  contents  of  the  privy  were  deposited  in  a  field  at  a 
point  where  the  land  sloped  abruptly  towards  a  rivulet,  about  200 
feet  away.  After  flowing  about  three  quarters  of  a  mile,  over  a 
very  rapid  course,  this  brook  emptied  into  the  Messalonskee  River 
almost  directly  opposite  the  almshouse  above  mentioned,  about 
one  mile  up-stream  from  the  intake  of  the  water  works.  (See 
map,  Fig.  5.) 

Thus,  early  in  November,  1902,  there  were  typhoid  dejecta 
deposited  upon  the  surface  of  the  frozen  ground  at  two  points 
above  and  relatively  near  the  pumping  station  of  the  Maine  Water 
Company.  In  each  case  there  was  a  sharp  slope  from  the  point 
where  the  dejecta  were  deposited,  —  to  the  Messalonskee  River  in 
the  one  case,  and  in  the  other  to  a  small  rill  which  emptied  into  the 
river.  If  these  were  the  sources  of  infection,  one  would  expect 
that,  from  this  time  on,  the  occurrence  of  typhoid  fever  among 
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users  of  the  ^lessalonskee  water  would  bear  an  intimate  relation 
to  the  rainfall.     This  relation  was  found  to  exist. 

Fig.  3  shows  the  date  of  occurrence  of  the  typhoid  fever  cases, 
as  determined  by  the  date  of  physician's  first  visit,  —  which  was 
found  to  be  in  most  cases  the  day  when  the  patient  took  to  bed,  — 
in  Waterville,  Fairfield,  Winslow,  and  Benton,  during  the  months 
of  November,  1902,  to  February,  1903.  The  daily  rainfall  as 
recorded  at  Winslow  is  also  shown.  From  this  table  it  seems 
that  during  the  early  part  of  November  there  was  only  what 
may  be  considered  a  normal  number  of  typhoid  cases  for  this 
season.  The  first  rainfall  of  considerable  extent  after  infectious 
material  was  deposited  in  the  fields  was  on  November  12,  when 
there  was  .30  inch.  This  was  followed  by  a  small  group  of 
cases  towards  the  end  of  the  month.  The  precipitation  between 
November  23  and  December  16  was  snow,  and  this,  gradually 
melting,  probably  washed  small  amounts  of  infectious  matter 
into  the  river,  which  gave  rise  to  the  cases  which  developed  up  to 
about  December  24.  On  the  16th  day  of  December,  there  was  a 
precipitation  of  .56  inch,  rain  and  snow,  and  nine  days  later, 
December  25,  the  real  epidemic  may  be  said  to  have  begun,  with 
the  development  of  six  cases  of  typhoid  in  Waterville  and  one  in 
Fairfield.  From  December  25  to  the  end  of  the  month  there 
were  37  cases  in  Waterville,  5  in  Winslow,  3  in  Fairfield,  and  1 
in  Benton,  a  total  of  46  cases  in  one  week. 

The  heaviest  rainfall  after  the  infectious  material  was  deposited 
on  the  fields  at  Morrill's  and  the  almshouse  occurred  on  December 
22,  1902,  when  there  was  a  precipitation  of  1.73  inches.  Ten 
days  after  this,  or  almost  exactly  the  same  interval  as  after  the 
rainfall  of  December  16,  there  developed  the  greatest  number 
of  cases  of  any  day  during  the  epidemic,  namely,  13  cases  in 
Waterville,  4  in  Fairfield,  and  1  in  Winslow,  a  total  of  18  cases. 

Throughout  the  two  months  from  the  last  third  of  November 
until  the  corresponding  time  in  January,  the  relation  between 
the  rainfall  and  the  typhoid  cases  was  manifest  as  shown  in  Fig.  3. 
By  the  middle  of  January  the  typhoid  bacilli  in  the  two  mentioned 
fields  had  either  lost  their  vitality,  or,  what  is  more  likely,  had 
been  pretty  thoroughly  washed  away;  for  a  rainfall  of  1.40  inches 
on  January  21  was  not  followed  by  any  serious   consequences. 
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The  constant  relation  between  rainfall  and  the  development  of 
typhoid  fever  cases  was  in  itself  a  strong  argument  in  favor  of  the 
agency  of  the  public  water  supply  in  causing  the  epidemic. 

In  attempting  to  prove  the  case  in  court  there  were  produced 
as  witnesses  the  physician  who  attended  the  initial  cases,  the 
persons  who  spread  the  cesspool  and  privy  contents  on  the  fields, 
the  inspector  who  had  charge  of  the  typhoid  canvass,  and  the 
writers  who  collected  the  data  and  made  the  various  investiga- 
tions here  referred  to. 

Although  it  is  impossible  in  a  paper  of  this  length  to  give  details 
of  every  piece  of  evidence  i)resented,  it  may  be  well  to  take  notice 
of  a  plausible  objection  to  the  above  theory  which  might  have 
been  brought  forward.  During  the  early  part  of  the  epidemic 
Fairfield  did  not  have  as  many  cases  in  proportion  to  its  popula- 
tion as  did  Waterville  and  Winslow,  although  supplied  to  a  great 
extent  by  the  same  water.  This  was  readily  explained  by  a 
consideration  of  certain  features  of  the  distributing  system.  The 
reservoir  of  the  system  is  located  between  Waterville  and  Fair- 
field and  is  supplied  by  a  single  pipe  line,  which  branches  off  from 
the  main  connecting  the  two  cities.  From  this  arrangement  it 
follows  that  when  the  consumption  in  Waterville  and  Winslow 
is  less  than  is  being  pumped,  both  places  receive  water  directly 
from  the  pumps,  the  excess  going  to  the  reservoir.  When,  on  the 
other  hand,  the  consumption  is  greater  than  the  amount  pumped, 
Fairfield  and  Benton  receive  water  which  has  been  stored  in  the 
reservoir.  This  fact  was  proved  experimentally  during  our  in- 
vestigations by  making  several  series  of  analyses  at  various  points 
in  the  system.  The  older  water  in  the  reservoir,  which  had  re- 
ceived some  sedimentation,  would  be  theoreticall}'  less  infected 
with  typhoid  bacilli  than  the  water  pumped  directly  from  the 
river;  and  theory,  in  these  cases,  certainly  agreed  with  the  facts. 
The  facts  also  indicated  that  the  use  of  the  Kennebec  River 
water  at  the  time  of  the  Colby  University  fire  could  not  have 
been  the  cause  of  the  ei)idemic  or  have  materially  contrilnited 
to  it. 

From  the  stand]x)int  of  the  ai)i)raisal,  the  point  to  be  established 
was  not  that  the  two  cases  mentioned  were  or  were  not  the  cause 
of  the  epidemic,  Init  that  the  ]nihlic  water  supph/  was  or  was  not 
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resp()tisi])le  for  it.      All  \\\c  studies  were  incident   to   this   main 
proposition. 

TYPHOID  FEVKR  IN  AUGUSTA. 

The  methods  vised  in  stiuh'ing  the  epidemic  in  Augusta  were 
similar  to  those  employed  at  Waterville.  The  house-to-house 
canvass  was  perhaps  more  thorough,  but  on  the  other  hand  it 
was  made  several  months  after  the  epidemic  was  over,  when  the 
facts  were  not  so  fresh  in  the  minds  of  the  people.  The  studies 
of  the  previous  history  of  typhoid  fever  in  Augusta  were  much 
more  important  than  in  the  Waterville  case,  and  the  problem  was 
much  more  complicated  because  the  city  had  two  sources  of  public 
water  supply  and  the  number  of  spring  waters  sold  was  greater. 

PREVIOUS    HISTORY    OF  TYPHOID    FEVER   IN    AUGUSTA. 

The  Kennebec  River  water  was  introduced  as  a  source  of  public 
water  supply  in  the  year  1887.  For  sixteen  years  before  that 
time  the  average  typhoid  fever  death  rate  in  Auaust  had  been 
36.5  per  100  000;  for  sixteen  years  from  1888  to  1903  the  average 
rate  was  85.4.  In  1898  there  were  a  number  of  imported  cases 
due  to  the  Spanish  War,  and  in  1903  occurred  the  great  epidemic, 
which  raised  the  death  rate  to  259  per  100  000.  Excluding  these 
two  years,  the  average  death  rate  during  the  period  covering  the 
use  of  the  Kennebec  River  water  was  66.5,  or  nearly  double  what 
it  formerly  had  been. 

At  various  times  prior  to  1903,  typhoid  fever  had  been  prevalent 
in  the  city.  Thus  the  board  of  health  records  for  1890  show  that 
seventy-five  cases  of  typhoid  fever,  besides  a  large  amount  of 
winter  cholera,  occurred  that  year.  During  the  first  thirteen  weeks 
of  1891  sixty-nine  cases  were  reported.  There  were  no  typhoid 
fever  records  kept  at  Waterville  at  that  time,  so  it  cannot  be  told 
whether  or  not  the  disease  was  due  to  infected  sewage  from  that 
city.  Typhoid  fever  was  also  prevalent  during  the  winter  and 
spring  of  1892  and  1893.  A  report  made  by  Capt.  M.  W.  Wood, 
assistant  surgeon,  U.  S.  A.,  on  June  2,  1893,  states  that  there  were 
about  one  hundred  cases  during  the  early  part  of  that  year. 

Prior  to  the  introduction  of  the  Kennebec  River  water,  typhoid 
fever  in  Augusta  had  been   most  common  in  the  autumn,  this 
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being  the  normal  season  for  the  maximum  of  the  disease,  but 
after  the  installation  of  the  supply  from  the  Kennebec  River 
the  disease  became  most  common  during  the  winter  months. 
This  is  an  abnormal  seasonal  distribution,  and  is  most  easily  ex- 
plained by  assuming  the  maximum  of  the  disease  at  Augusta  to 
follow  and  to  be  caused  by  the  normal  autumnal  maximum  of 
typhoid  fever  in  Waterville  and  the  other  cities  which  discharge 
their  sewage  into  the  river  above  Augusta.  This  change  in  the 
seasonal  distribution  is  shown  in  Fig.  6. 

Both  the  abundance  of  typhoid  fever  and  its  seasonal  distribu- 
tion since  1888  pointed  strongly  to  the  pollution  and  infection  of 
the  river  water  and  would  have  been  sufficient  to  condemn  it  as 
a  source  of  supply  even  if  the  epidemic  of  1902-3  had  not  occurred. 

The  data  compiled  for  the  Augusta  epidemic  are  given  in  Tables 
10  to  17,  and  are  shown  graphically  in  Figs.  3  and  7.  As  in  the 
case  of  Waterville,  all  possible  agencies  of  infection  other  than 
water  were  one  b}^  one  excluded  from  consideration.  The  can- 
vass showed  that  the  morbidity  rate  for  those  cases  on  premises 
supplied  with  river  water  only  was  53.7  per  1  000;  on  those  sup- 
plied only  with  Devine  water,  12.3;  and  on  those  supplied  by 
wells,  springs,  or  cisterns,  23.6.  On  those  premises  supplied 
with  river  water  with  or  without  supplementary  sources  the 
morbidity  rate  was  29.2,  while  on  those  which  had  no  river  water 
the  rate  was  20.6. 

Classifying  the  cases  according  to  the  statements  of  the  patients 
as  to  their  use  of  water  it  was  found  that  of  336  cases  76  per  cent, 
admitted  that  they  had  used  the  river  water  prior  to  being  taken 
sick,  while  24  per  cent,  of  them  did  not  remember  to  have  used 
the  water.  Of  the  latter  class,  however,  65  per  cent,  lived  on 
premises  supplied  with  water  from  the  river.  Thus  only  about 
eight  per  cent,  of  the  patients  interviewed  did  not  remember  of 
having  used  the  water  and  were  not  supplied  with  water  from  the 
river,  at  their  homes.  The  conclusion  that  the  river  water  caused 
the  epidemic  was  inevitable. 

Some  of  the  data  collected  during  the  investigation  are  given 
in  the  tables  referred  to  and  need  no  special  comment. 
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TYPHOID    FEVER    AT    TOGUS. 

The  National  Home  for  Disabled  Volunteer  Soldiers,  Eastern 
District,  is  located  at  Togus,  about  six  miles  from  Augusta.  At  the 
time  of  the  investigation  there  were  2  260  members  and  40  civilian 
employees.  The  Home  was  established  in  1867  and  its  location  was 
chosen  because  of  the  supposed  medicinal  virtues  of  a  certain 
spring  known  as  Togus  Spring,  which  is  still  used  by  some  of  the 
members.  Prior  to  1887  the  water  supply  of  Togus  was  taken 
from  Greely  Pond,  but  as  it  was  insufficient  in  c^uantity  and  not 
entirely  satisfactory  in  its  physical  qualities,  water  from  the 
Kennebec  River  was  introduced  in  June,  1887.  Between  1877 
and  1887  not  a  case  of  typhoid  fever  occurred  among  the  members, 
but  during  the  fourteen  years  from  July  1, 1887,  to  June  30,  1891, 
25  cases  occurred,  which  resulted  in  five  deaths.  When  the  old 
age  of  the  members  is  taken  into  consideration  this  number  ap- 
pears large.  The  prevalence  of  typhoid  fever  at  this  time  was 
attributed  by  Dr.  Ellwell,  surgeon,  U.  S.  A.,  to  the  use  of  the  Ken- 
nebec River  water,  and  at  his  instigation  a  new  supply  was  pro- 
vided in  1892  from  a  spring  known  as  the  Hallowell  spring.  This 
is  piped  into  most  of  the  buildings  and  is  almost  exclusively  used 
for  domestic  purposes.  Its  quality  is  good.  Although  the  use 
of  the  Kennebec  River  water  was  forbidden,  it  was  impossil^le  to 
entirely  prevent  its  use,  and  this  probably  accounts  for  the  scatter- 
ing cases  of  typhoid  fever  which  have  occurred  there  during  the 
past  twelve  years.  After  the  introduction  of  the  Hallowell  Spring 
water  there  was  an  almost  immediate  disappearance  of  the  disease. 
No  case  of  typhoid  fever  occurred  at  the  Home  during  the  epi- 
demic of  1902-3. 

TYPHOID    FEVER   AT  THE   MAINE    INSANE    HOSPITAL. 

The  state  insane  hospital  is  located  in  Augusta  but  has  a  sepa- 
rate water  supply  for  drinking  and  domestic  purposes.  The 
Kennebec  River  water  is  more  or  less  used.  Between  1865  and 
1887,  with  an  average  number  of  404  patients,  no  deaths  from 
typhoid  fever  occurred.  This  was  before  the  introduction  of  the 
river  water.  Between  1887  and  1902  the  average  number  of  pa- 
tients was  670  and  the  number  of  deaths  from  typhoid  fever  6, 
which  is  equivalent  to  an  annual  death  rate  of  56  per  100  000. 
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TYPHOID    FEVER   AT   RICHMOND. 

The  typhoid  fever  records  of  Richmond  do  not  extend  back 
of  1892.  The  city  clerk's  records  for  the  years  1892  to  1903, 
however,  indicate  a  death  rate  of  42  per  100  000  during  these 
twelve  years. 

The  typhoid  fever  canvass  of  Riclimond  was  less  complete  than 
that  of  Augusta,  but  of  the  19  cases  which  occurred  between 
January  and  April,  1903,  all  were  said  to  have  used  the  river  water, 
and  there  is  little  reason  to  believe  that  these  cases  were  due  to 
any  other  cause. 

GENERAL    TYPHOID    FEVER    SITUATION    IN  THE    STATE    OF   MAINE. 

For  a  number  of  years  the  death  rate'from  typhoid  fever  in 
Maine  has  been  greater  than  for  most  of  the  other  New  England 
states.  Some  of  the  cities  have  maintained  death  rates  which 
reflect  in  the  most  uncomplimentary  manner  the  quality  of  their 
public  water  supplies. 

It  is  sad  to  have  to  recount  that  the  epidemic  of  the  Kennebec 
River  was  duplicated  one  year  later  on  the  Penobscot  River.  This 
epidemic  has  not  been  studied  with  as  much  care  as  the  one 
described  above,  and  all  the  circumstances  are  not  fully  known 
to  the  writers.*     The  general  facts,  however,  were  as  follows: 

The  epidemic  appears  to  have  originated  in  Millinocket,  a 
paper-mill  town  located  about  ninety  miles  north  of  Bangor. 
This  village  is  said  to  be  supplied  with  water  from  the  river  at 
two  places,  one  above  the  town  and  one  so  near  the  town  that  it 
receives  considerable  pollution.  Ordinarily  the  upper  source  is 
used,  but  early  in  the  year  1904  a  fire  occurred  which  compelled 
them  to  use  water  from  the  lower  intake.  This  was  followed  by 
an  epidemic  of  dysentery,  but  no  typhoid  fever.  A  short  time  after- 
wards a  second  fire  occurred,  which  again  necessitated  the  use 
of  the  polluted  water.  This  time  an  epidemic  of  typhoid  fever 
resulted,  which  was  so  serious  that  it  became  necessary  to  call 
in  physicians  from  outside  the  town  in  order  to  take  care  of  the 
large   number  of  cases   which   occurred.     The  infection   passed 

*  Since  the  preparation  of  this  paper  the  Penobscot  River  epidemic  has  been  carefully 
investigated  by  Mr.  Whipple  in  the  interest  of  the  Citizens'  League  of  Bangor.  The 
results  only  serve  to  emphasize  the  statements  here  made. 
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down  the  Penobscot  River  and  affected  Oldtown,  Brewer,  and 
Bangor,  all  of  which  places  take  their  water  from  the  river.  At  least 
seventy-five  cases  are  known  to  have  occurred  in  Oldtown,  but 
complete  data  on  this  subject  are  not  at  hand.  The  epidem.ic 
at  Bangor  was  studied  with  considerable  care  by  a  committee  of 
citizens  headed  by  Dr.  Bertram  L.  Bryant.  This  committee 
published  a  series  of  interesting  reports  which  appeared  from  time 
to  time  in  the  Bangor  Daily  Commercial,  and  which  were  after- 
wards published  in  pamphlet  form  by  the  Citizens'  League.  From 
this  report  it  is  learned  that  between  March  1  and  May  24,  1904, 
540  cases  of  typhoid  fever  and  thirty-three  deaths  occurred  in  Ban- 
gor. The  committee  estimated  that  one  person  in  every  forty  of 
the  people  of  Bangor  had  typhoid  fever  during  these  three  months. 

A  sanitary  inspection  of  the  watershed  was  made  by  P.  H. 
Coombs,  civil  engineer,  who  made  a  report  which  contained  data 
as  to  the  amount  of  sewage  entering  the  river  between  Oldtown 
and  Bangor.  Analyses  showing  the  quality  of  the  river  water 
were  made  by  Prof.  Franklin  C.  Robinson.  The  water  supply  of 
Bangor  was  filtered  through  a  mechanical  filter  of  an  old  type, 
but  it  was  evidently  entirely  inadequate  for  the  purpose  of  purify- 
ing the  water.  Strangely  enough,  almost  no  allusion  is  made  in 
this  report  to  the  Millinocket  epidemic  as  being  the  cause  of  the 
others,  but  this  was  undoubtedly  the  case. 

The  lesson  of  these  two  river  valley  epidemics  ought  to  be  taken 
seriousl^y  to  heart  by  the  sanitary  authorities  of  the  state  of  Maine. 
For  a  community  to  use  as  a  public  supply  an  unfiltered  water 
taken  from  a  river  which  receives  the  sewage  of  cities  higher  up 
is  only  to  invite  disaster.  It  is  unfortunate  that  such  conditions 
are  not  remedied  before  rather  than  after  the  occurrence  of  an 
epidemic.  The  cities  of  Waterville  and  Augusta  and  the  cities 
of  the  Penobscot  valley  could  have  satisfactorily  filtered  their 
water  supplies  for  a  small  part  of  what  the  epidemics  cost  them, 
and  many  lives  might  have  been  saved.  The  water  companies 
in  charge  either  did  not  appreciate  the  danger  or  they  were  not 
willing  to  incur  the  expense  of  rendering  the  water  safe.  One 
result  of  this  situation  is  that  the  public  water  supplies  are  being 
taken  away  from  the  companies  and  purchased  for  the  people 
by  the  so-called  water  districts. 
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Yielding  to  the  popular  prejudice  against  the  use  of  the  water 
which  caused  the  epidemic,  several  cities  have  chosen  to  seek  new 
supplies  elsewhere.  The  new  water  supply  for  Waterville  is  to 
be  taken  from  China  Lake,  and  that  for  Augusta  from  Carleton 
Pond,  both  supplies  being  eminently  satisfactory  from  a  sani- 
tary standpoint,  and  of  such  a  character  that  they  will  not  need 
filtration  for  many  years  to  come.  Brunswick  is  obtaining  a  new 
supply  from  driven  wells.  In  many  of  the  cities  of  the  state,  how- 
ever, it  would  probably  be  cheaper  to  maintain  their  present 
sources  of  supply  and  protect  the  quality  of  the  water  by 
filtering   it. 

The  state  board  of  health  of  Maine  now  has  a  hygienic  labora- 
tory at  Augusta,  and  in  no  way  could  this  laboratory  be  made 
more  serviceable  than  by  establishing  a  systematic  examination 
of  the  water  supplies  of  the  state  in  order  to  point  out  which  of 
them  are  good,  which  are  insecure  in  their  sanitary  c{uality,  and 
which,  if  any,  are  dangerous.  This  should  be  supplemented  by  a 
sanitary  inspection  of  the  watersheds  from  which  the  various 
sources  of  supply  are  derived.  To  do  this  work  would  recpiire 
a  comparatively  small  increase  in  the  appropriation,  and  its  cost 
would  be  repaid  a  thousandfold,  not  only  in  dollars  and  cents, 
but  in  human  lives. 
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TABLE  Xo.  3.  —  Number  of  Deaths  from  Typhoid    Fever  i.v  Water- 
viLLE,  Me.,  from  1892  to  1903  by  Months. 


Months. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 

1902. 

1903. 

Total. 

January  .  . 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

8 

11 

February  . 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

5 

7 

March  .... 

0 

2 

0 

0 

0 

0 

1 

0 

0 

1 

0 

3 

7 

April 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

May 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

June 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

{) 

1 

July 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

3 

August  . .  . 

0 

0 

0 

(J 

0 

0 

1 

1 

2 

0 

— 

4* 

September 

1 

0 

0 

1 

0 

2 

1 

0 

1 

2 

— 

8* 

October  .  . 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

— 

3* 

Noyember. 

0 

0 

1 

0 

0 

0 

0 

0 

(» 

1 

1 

— 

3* 

December. 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

2 

— 

5* 

Total .  .  . 

1 

4 

3 

1 

0 

3 

2 

4 

2 

8 

8 

18 

36* 

*  Total  for  1892  to  1902. 

TABLE  No.  4.  —  Number  of  Cases  of  Typhoid  Fever  in  each  Month 

FROM  January'  1,  1902,  to  August  1,  1903,  in  Waterville, 

Fairfield,  Winslow,  and  Benton. 


Month. 


Waterville. 


Fairfield. 


Winslow. 


Benton.       Total. 


1902,  January  .  . 
February  . 
March  .  .  .  . 

April 

May    

June 

July    

August  .  . 
September 
October  .  . 
November. 
Decenil)er 

1903,  January  .  . 
February  . 
March  . ".  .  . 

April 

May    

June 

July    

Total 


2 

1 

4 

3 

3 

4 

13 

12 

10 

7 

20 

64 

89 

23 

11 

5 

0 

0 

0 


271 


0 
1 
0 
0 
0 
0 
1 
1 
1 
3 
5 
6 
25 
8 
3 
1 
1 
0 
0 


0 
0 
0 
0 
0 

1 
1 

2 
1 
1 
2 
14 
10 
/ 
0 

1 
1 

0 
0 


56 


41 


2 

2 

4 

3 

3 

5 

15 

16 

12 

11 

27 

85 

125 

38 

14 

7 

2 

0 

0 


371 
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TABLE  No.  5.  —  Ages  of  Typhoid  Fever  Patients  in  Waterville, 
Fairfield,  Winslow,  and  Benton,  Me. 


Snx. 

1 
o 

05 
1 

7 

o 

OS 

1 

1 

m 
1 

M 
1 

m 

CO 

1 

OS 

1 

OS 

1 

O 

d 

4) 

3 

Waterville, 

Male. 

4 

16 

23 

23 

27 

12 

9 

6 

2 

2 

3 

1 

3 

131 

Female, 

5 

22 

30 

24 

26 

8 

5 

6 

3 

5 

4 

1 

1 

140 

Total, 

9 

38 

53 

47 

53 

20 

14 

12 

5 

7 

7 

2 

4 

271 

Fairfield, 

Male, 

0 

4 

8 

3 

2 

1 

2 

1 

0 

0 

0 

0 

0 

21 

Female, 

2 

6 

11 

3 

5 

1 

0 

2 

1 

0 

1 

3 

0 

35 

Total, 

2 

10 

19 

6 

7 

2 

2 

3 

1 

0 

1 

3 

0 

56 

Winslow, 

Male, 

0 

2 

6 

3 

4 

3 

4 

0 

1 

0 

2 

0 

1 

26 

Female, 

1 

2 

2 

2 

4 

1 

0 

0 

0 

0 

1 

1 

1 

15 

Total, 

1 

4 

8 

5 

8 

4 

4 

0 

1 

0 

3 

1 

2 

41 

Benton, 

Male, 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Female, 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Total, 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3 

Total, 

Male, 

4 

22 

38 

29 

33 

16 

15 

7 

3 

2 

5 

1 

4 

179 

Female, 

s 

30 

43 

30 

36 

10 

5 

8 

4 

5 

6 

5 

2 

192 

Total, 

12 

52 

81 

59 

69 

26 

20 

15 

7 

7 

11 

6 

6 

371 

TABLE  No.  6.  —  Absence  from  City  of  the  Typhoid  Fever  Patients 
during  Four  W^eeks  Previous  to  Illness. 


Absent. 

Not  Absent. 

Not  Stated. 

TotaL 

Waterville  

Fairfield 

Winslow 

8 
0 
0 
0 

253 
56 

40 
3 

10 

0 

1 

0 

271 

56 
41 

Benton  

3 

Total    

8* 

352 

11 

371 

*  2.2%  of  total  cases. 
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TABLE  No.  7.  —  Occupations  of  the  Typhoid  Fever  Patients  in 
Watervili.e,  Fairfield,  Winslow,  and  Benton. 


Occupation. 

Sex. 

Waterville. 

Fairfield. 

Winslow. 

Benton. 

Total. 

Students, 

Male 
Female 
Total, 

Male, 
Female, 
Total, 

Female, 

Male, 
Female, 
Total, 

Male, 

Male, 

Male, 

Male, 
Female, 
Total, 

Male, 
Female, 
Total, 

31 
3.5 

9 
12 

3 
1 

1 
1 

44 
49 

Mill  Hands, 

66 

3.5 
25 

21 

6 
1 

4 

15 
6 

2 

0 
0 

93 

56 
32 

Housekeepers  and 
Servants, 

Clerks, 

60 
31 

12 
10 

7 
6 

0 
1 

21 
4 

0 
0 

0 

1 

0 
0 

88 
42 

12 
11 

Car  Shop 

Employees, 
Laborers, 

Professional  Men, 

Artisans, 

22 

12 

10 

3 

8 
0 

1 
1 
1 
0 
0 

1 

0 
1 
2 

0 

0 
0 

0 

0 

0 

0 

0 
0 

23 

14 

13 

3 

8 
1 

Not  Stated, 

8 

20 
39 

1 

4 
14 

0 

5 

4 

0 

0 
0 

9 

29 
57 

59 

18 

9 

0 

86 

Total, 

Male, 
Female, 

Total, 

131 
140 

21 
35 

26 
15 

1 

2 

179 
192 

271 

56 

41 

3 

371 
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TABLE  No.  8.*  —  Results  of  a  House-to-House  Canvass  in  Water- 

viLLE.  Me.,  with  Reference  to  the  Ch.uiacter  of  the  Water 

Supplies,  and  the  Number  of  Cases  of  Typhoid  Fever. 


Water  Supply  .\t  Residence. 

Number 

of 
Persons. 

Number 

of 

Typhoid 

Cases. 

Morbidity 

Rate 
per  1  000. 

M'ViNE  Water  Company    

6  537 
3  225 

866 

2  424 

2 

20 

3  312 

1  459 

1286 

25 

13 

108 

23 

4 

226 

132 

23 

71 

0 

0 

94 

21 
19 
1 
0 
1 
0 
0 

34.6 

Maine  Water  Company  and  no  other  supply, 
Maine  \^'ater  Company  and  well  wat<^r  .... 
Maine  Water  Company  and  .spring  water  .  . 
Maine  Water  Company  and  cistern  water.  .  . 
Maine  Water  Company,  spring  water,  and 

well  water 

Maine  Water  Company    and    well,    spring, 

or  cistern  water    

40.9 

26.6 

29.3 

0.0 

o!o 

28.4 

Supplies  other  than  Maine  W.\ter  Company 

Well  water  only 

Well  water  and  spring  water 

Well  water  and  cistern  water 

Spring  water  only 

14.4 

14.8 

40.0 

0.0 

9.3 

Spring  water  and  cistern  water 

0.0 

Cistern  water  onlv    

0.0 

Total 

7  996 

247 

30.9 

*  Similar  tables  were  made  for  Winslow,  Fairfield,  and  Benton. 

TABLE  No.  9.  —  Summary  of  a  House-to-House  Canvass  in  the  Ken- 
nebec Water  District,  with  Reference  to  the  Ch.\racter  of  the 
Water  Supplies  and  the  Number  of  Cases  of  Typhoid  Fever. 


Supply  from 
Maine  W.\ter  Company. 

No  Supply-  from 
Maine  Water  Company. 

T0T.\L. 

u  a 

S3  O 

go 
3CL, 

■z 

u  0    . 

«  -.  m 

—  "3,  9 

£  >i« 
z 

•z 

lis 
£>:s 

111 

t-  a 
Z 

'■£■§§ 

Waterville 

6  537 

226 

34.57 

1459 

21 

14.41 

7  996 

247 

30.9 

Fairfield    . 

1614 

54 

33.45 

468 

2 

4.25 

2  082 

56 

26.9 

Winslow    . 

244 

11 

45.08 

902 

19 

21.06 

1  146 

30 

26.2 

Benton    .  . 

152 

2 

13.15 

(470)* 
125 

(4)* 
1 

(8.29)* 
8.00 

277 

3 

10.8 

Total   .  . 

8  547 

293 

34.28 

2  954 

43 

14.55 

11501 

336 

29.2 

*  Omitting  users  of  Kennebec  River  water. 
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T.VHLE  No.  10.  —  Statistics  of   Population   and   Typhoid  Fever  fou 

Augusta,  Me.,  from  1865  to  1903.     (From  Records 

in  the  City  Clerk's  Office.) 


Yeah. 

Population 
Estimated. 

Deaths. 

De.^th  Rate 
PER  100  000. 

Typhoid 
per  cent. 

Total. 

Typhoid. 

Total. 

Typhoid. 

of  Total 
Deaths. 

1865  

7  650 
7  675 
7  700 
7  750 
7  800 
7  808 
7  875 

7  925 

8  000 
8  075 
8  150 
8  225 
8  300 
8  425 
8  550 
8  445 

8  665 

9  000 
9  175 
9  400 
9  575 
9  775 
9  995 

10  175 
10  350 
10  527 
10  675 
10  825 

10  950 
11075 

11  200 
11325 
11  425 
11  525 
11  625 
11  683 
11  800 
1 1  875 
1 1  975 

90 

26 

3 

1 

50 

99 

90 

95 

138 

80 

90 

131 

125 

128 

101 

115 

131 

102 

127 

80 

100 

143 

170 

151 

139 

182 

34 

315 

304 

322 

322 

316 

323 

257 

318 

289 

312 

304 

297 

12 
1 
0 
0 
3 
4 
2 
6 
4 
0 
0 
6 
6 
6 
1 
0 
4 
1 
2 
0 
1 
6 
8 
4 
2 

16 
5 
7 
9 
6 
7 

11 
7 

20 
9 
4 

11 
6 

31 

1  176.0 

338.8 
39.0 
12.9 

641.0 
1  268.0 
1  143.0 
1  198.0 
1  725.0 

991.0 
1  104.0 
1  584.0 
1  505.0 
1  520.0 
1  182.0 
1  327.0 
1  485.0 
1  134.0 
1  384.0 

851.0 
1  044.0 
1  462.0 
1  704.0 
1  484.0 
1  343.0 

1  729.0 
318.0 

2  910.0 
2  776.0 
2  906.0 
2  874.0 
2  790.0 
2  825.0 
2  230.0 
2  734.0 
2  472.0 
2  644.0 
2  560.0 
2  480.0 

156.9 

130.0 

0.0 

0.0 

38.5 

51.2 

25.40 

75.7 

50.0 

0.0 

0.0 

73.0 

72.3 

71.2 

11.7 

0.0 

45.3 

11.1 

21.8 

0.0 

10.4 

61.4 

80.2 

39.3 

19.3 

152.0 
46.9 
64.7 
82.2 
54.2 
62.5 
97.1 
61.2 

173.5 
77.4 
34.2 
93.2 
50.3 
25.9 

13.3 

1866 

3.9 

1867 

0.0 

1868      

0.0 

1869 

6.0 

1870    

4.1 

1871 

2.2 

1872 

6.3 

1873 

2.9 

1874 

0.0 

1875      

0.0 

1876 

4.6 

1877    

4.8 

1878 

4.7 

1879 

0.99 

1880 

0.0 

1881 

3.1 

1882 

1883 

0.98 
1.6 

1884  

0.0 

1885 

1886 

1887 

1888 

1.0 
4.2 
4.7 
2.7 

1889 

1890 

1891 

1892 

1893 

1.4 
8.8 
14.7 
2.2 
3.0 

1894 

1895 

1896 

1897 

1898 

1.9 
2.2 
3.5 
2.2 

7.8 

1899 

2.8 

1900 

liXIl 

1902 

1903 

1.4 

3.5 

2.0 

10.4 
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TABLE  Xo.  11.  —  Tvpiioii)  Fever  Deaths  in  Augusta,  Me. 
By  Months  from  180.5  to  1903. 


Year. 


c 

>; 

>> 

t. 

1- 

a 

3 

a 

d 

2 

i 
& 

^ 

a; 
3 

>> 

3 
•     < 

a 

s 

O 

1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


0 

0 

0 

I 

0 

0 

0 

4 

3 

4 

1 

0 

(J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

u 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

3 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

4 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

3 

3 

1 

1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

2 

0 

0 

1 

0 

1 

2 

1 

3 

1 

0 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

5 

0 

0 

0 

0 

0 

0 

1 

1 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

0 

0 

0 

1 

0 

3 

0 

3 

1 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

0 

0 

0 

0 

0 

0 

2 

1 

1 

] 

0 

0 

0 

10 

3 

1 

2 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

1 

1 

2 

2 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

7 

8 

10 

4 

1 

0 

1 

0 

0 

0 
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TABLE    No.    12.  —  Chronological    Table    of    Typhoid    Cases   and 
Deaths  in  Augusta  between  October  1,  1902,  and  May  1,  1903. 


Date. 

October. 

November. 

December. 

January. 

February. 

March. 

April. 

1 

0 

0 

1 

3 

5+1* 

l+l*  +  lt 

2 

2 

0 

2+ It 

1 

2+1* 

1 

2+1* 

2+1* 

3 

0 

0 

1 

3 

1 

2+1* 

0 

4 

0 

0 

1 

0 

l+l*  +  lt 

1 

1 

5 

0 

0 

1+1* 

1* 

5  +  2* 

2 

0 

6 

0 

0 

2+lt 

2 

4  +  3* 

1 

0 

7 

0 

0 

0 

1 

3 

2+1* 

0 

8 

0 

0 

0 

0 

5+1* 

1 

0 

9 

0 

0 

1 

2 

4+1* 

4 

1 

10 

0 

0 

1 

1 

2 

1 

0 

11 

0 

0 

2 

0 

2 

0 

0 

12 

0 

0 

2 

4 

3+1* 

3 

0 

13 

0 

0 

1 

0 

1 

0 

0 

14 

0 

1 

1 

3 

5+1* 

2 

0 

15 

0 

1 

0 

3 

1 

0 

0 

16 

0 

1 

1 

2 

3+1* 

1 

0 

17 

0 

0 

1 

6+3* 

3 

1 

2 

18 

0 

0 

1* 

3 

0+1* 

1 

0 

19 

0 

0 

1 

3 

It 

0 

0 

20 

0 

0 

1 

2 

11  +  1* 

1  +  1* 

0 

21 

1* 

1 

2 

0 

5+1* 

0 

0 

22 

0 

1 

3 

5+1* 

2 

1 

0 

23 

0 

0 

1* 

3 

2 

3 

0 

24 

0 

1 

1 

2+1* 

4 

1 

0 

2.5 

0 

3 

0 

6 

3 

0 

0 

26 

0 

2 

1 

2 

2 

1 

1 

27 

0 

0 

0 

1 

0 

2 

1 

28 

0 

0 

0 

2 

3 

1 

0 

29 

1 

1* 

3 

2 

0 

0 

0 

30 

0 

0 

1 

2 

0 

1 

0 

31 

0 

0 

1 

0 

0 

1 

0 

Totals 

2-1* 

15-1* 

35-3* 

72-7* 

104-15* 

43-5* 

11-1* 

+  Indicates  deaths.  t  Indicates  date  of  case  is  uncertain. 

Total  for  epidemic  of  1902-1903,  280,  November  1,  1902,  to  May  1,  1903. 
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TABLE   No.  13.  —  Seasonal  Distkibution  of  Typhoid  Fever  in  Augusta, 

Me.,   before    and    after    the    Introduction    of    Kennebec    River 

Water.    (Compiled  from  Records  in  the  City  Clerk's  Office.) 


c 

Si's 

>> 

>. 

i 

Period. 

2S 

3 
C 

3 
■flj 

o 
a! 

a 
< 

a 
a 

"-5 

3 

►-5 

3 

M 
3 
< 

o 

O 

a 

> 

o 
S5 

S 

Q 

Number  of 

1865-1 887 

8  200 

•7 

0 

4 

1 

3 

4 

5 

10 

11 

23 

6 

4 

Deaths 

1888-1903 

11  300 

15 

25 

28 

15 

G 

4 

4 

1 

15 

13 

9 

20 

Death  Fate 

1865-1887 

8  200 

1.06 

0 

2.12 

0.53 

1.59 

2.12 

2.65 

5.30 

5.83 

12.21 

3.18 

2.12 

per  100  000 

1888-1903 

11  300 

8.32 

13.80 

15.50 

8.87 

3.33 

2.20 

2.20 

0.55 

8.32 

7.18 

4.98 

11.07 

TABLE   No.    14.  —  Showing   Distribution    of   Typhoid  in  Augusta, 
Me.,  by  Ages  and  Sex,  January  1,  1902,  to  January  1,  1904. 


Cases. 

Deaths. 

Age. 

Male. 

Female. 

Male. 

Female. 

0—4 

7 

6 

1 

2 

5—9 

21 

20 

1 

0 

10  —  14 

25 

28 

0 

2 

15  —   19 

31 

26 

4 

3 

20  —  24 

30 

33 

3 

1 

25  —  29 

27 

20 

2 

2 

30  —  34 

7 

3 

3 

0 

35  —  39 

8 

12 

0 

4 

40  —  44 

7 

7 

1 

1 

45  —  49 

3 

7 

1 

1 

50  —  54 

2 

2 

0 

0 

55—  59 

1 

1 

1 

0 

60  —  64 

0 

0 

0 

0 

65  —  69 

1 

0 

1 

0 

70 and  up 

1 

0 

0 

0 

Total 

171 

165 

IS 

16 

Total  cases,  336;  total  deaths,  34. 
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TABLE    No.    15.  —  Showing    Distkiiutiox    ok   Tvphoid   in   Aigtsta, 
Me.,  by  Occupation,  January  1,  1902,  to  January  1,  1904. 


Occupation. 

Male. 

Female. 

Total. 

Students     

43 

25 

15 

24 

28 

4 

4 

5 

2 

12 

2 

0 

8 

50 
28 
11 
2 
3 
7 
0 
0 
0 

11 

5 
23 

24 

93 

Mill  hands    

53 

Clerks      

26 

Laborers     .    .                 

26 

Artisans    

31 

Professional  men 

Railroad  employees        

11 
4 

Business  men 

5 

Lunatics 

Children 

2 
23 

Housekeepers 

23 

Not  stated 

32 

Total 

172 

164 

336 

TABLE  No.  16.  —  Statustics  of  Disinfection  of  Stools,  and  Absence 

FROM  City  during  Month  previous  to  Sickness.     Compiled 

FOR  Typhoid   Cases   from   January   1,   1902,  to 

January  1,  1904,  Augusta,  Me. 


Disinfection  of  Stools. 


Number  of  Cases. 


Stool  Disinfected. 

Stools  not  Disinfected. 

Not  Stated. 

262 

48 

26 

Absence  from  City. 

Number  of  Cases. 

Not  Absent. 

Absent. 

Not  Stated. 

308 

22 

6 
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TABLE  No.  17.  —  Water  Canvass.  Tables  Showing  the  Distribution 
OF  Typhoid  Fever  in  the  City  of  Augusta  according 
TO  Water  Service  in  1903. 


January  1,  1902,  to  January  1,  1904. 


Water  Supply  Used. 

Number 

of 
Persons. 

Typhoid 
Cases. 

Typhoid 
Deaths. 

Morbidity 
per  1  000. 

River  onlv 

2  980 
408 

1  441 
295 

3  671 

39 
12 

160 

5 

34 

7 

105 

0 

0 

16 
1 
5 
2 
6 
0 
0 

53.7 

Devine  onlv    

12.3 

Wells  springs,  and  cisterns 

23.6 

River  and  Devine 

23.7 

River  and  wells,  springs,  and  cisterns  .... 
Devine  and  springs  or  cisterns     

28.6 
0 

Unclassified     

0 

Total          

8  846 

311 

30 

35.2 

During  the  Epidemic,  November  1,  1902,  to  May  1,  1903. 


Water  Supply  Used. 


Number 

of 
Persons. 


Typhoid 

Typhoid 

Cases. 

Deaths. 

134 

15 

3 

1 

28 

5 

7 

2 

88 

6 

0 

0 

0 

0 

260 

29 

Morbidity 
per  1  000. 


River  only 

Devine  only 

Wells,  springs,  and  cisterns 

River  and  Devine 

River  and  wells,  springs,  and  cisterns 

Devine  and  springs  or  cisterns 

Unclassified 

Total    


2  980 
408 

1  441 
295 

3  671 

39 
12 


45.0 

7.3 

19.4 

23.7 

24.0 

0 

0 


8  846 


29.4 
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TABLE  No.  IS.  —  Poi'i  nations,   Xumbek    of    Deaths    kkom    Typhoid 

Fever,  and   the   Average  Typhoid   Fever  Death  Rates  for 

Cities  and  Towns  in  the  State  of  Maine  which  have  more 

than  4  000  Inhabitants,  from  1892  to  1903.    Compiled  from 

the  Public  Reports  of  the  State  Board  of  Health. 


Number 

OF  Typhoid  De.\th8 

*=_ 

i 

POPUL 

.\TION. 

Each  Ye.\.r. 

zx  '■ 

||| 

City  or 
Town. 

County. 

O) 

w 

rt< 

lO 

CO 

t^ 

X  1  Ol 

Q 

_• 

<nI  C<5 

1890. 

1900. 

OS 
00 

CO 

05 
00 

OS 

00 

2 

o> 

00 

a> 

00 

at 

2 

2 

O  1  o 

2)2 

Kennebec, 

Augusta, 

10  527 

11683 

9 

7 

6 

5 

5 

5 

19 

8 

4 

9 

4 

29 

110 

79 

York, 

Saco, 

6  07.5 

G  122 

4 

1 

1 

6 

9 

3 

3 

4 

6 

5 

4 

5 

51 

70 

York, 

Biddeford, 

14  44:i 

10  145 

18 

5 

4 

12 

17 

8 

6 

5 

16 

19110 

8 

128 

66 

Androscoggin, 

Lewiston, 

21  701 

23  761 

36 

13 

21 

9 

11 

14 

17 

24 

15  13 

2 

3 

178 

62 

Penobscot, 

Bangor, 

19  103 

21  850 

21 

12 

25 

13 

8 

8 

7 

15 

4i24 

7 

10 

154 

59 

York, 

Sanford_, 

4  201 

6  078 

1 

4 

1 

1 

2 

2 

1 

3 

1 

0 

17 

9 

42 

58 

Cumberlanil, 

Brunswick, 

6  012 

6  806 

15 

9 

7 

6 

0 

0 

1 

2 

1 

2 

0 

3 

46 

57 

Penobscot , 

Oldtown, 

5  312 

5  763 

4 

1 

3 

2 

2 

1 

3 

2 

3 

7 

0 

9 

37 

53 

Aroostook, 

Caribou, 

4  087 

4  758 

1 

1 

6 

2 

5 

0 

3 

3 

4 

2 

1 

0 

28 

49 

Hancock, 

Ellsworth, 

4  804 

4  297 

1 

2 

4 

0 

2 

5 

3 

0 

2 

0 

2 

2 

23 

45 

Kennebec, 

Waterville, 

7  107 

9  477 

2 

3 

3 

1 

0 

3 

2 

3 

2 

7 

7 

17 

50 

44 

Penobscot , 

Brewer, 

4  193 

4  835 

0 

3 

6 

0 

2 

1 

0 

4 

1 

7 

1 

0 

25 

43 

Washington, 

Calais, 

7  290 

7  655 

0 

9 

5 

0 

7 

0 

0 

4 

2 

3 

3 

2 

35 

38 

Aroostook, 

Ft.  Fairfield, 

3  526 

4  181 

2 

0 

2 

9 

2 

0 

0 

2 

0 

0 

0 

0 

17 

34 

Cumberlanil, 

Portland, 

36  425 

50  145 

6 

14 

20 

21 

12 

11 

36 

13 

19 

15 

15 

17 

199 

33 

Aroostook. 

Houlton, 

4  015 

4  6S6 

0 

3 

1 

1 

1 

1 

0 

3 

2 

0 

2 

3 

17 

30 

Cumberland, 

West  brook, 

6  632 

7  283 

1 

3 

2 

3 

2 

0 

4 

2 

1 

1 

2 

3 

24 

27 

Washington, 

JOastport, 

4  908 

5311 

0 

2 

2 

3 

0 

1 

3 

1 

0 

2 

1 

16 

25 

Cumberland, 

S.  Portland, 

6  287 

0 

3 

5 

0 

2 

0 

0 

3 

14 

25 

Hancock, 

Ivlen, 

1  946 

4  379 

1 

1 

0 

0 

1 

2 

0 

2 

3 

0 

0 

11 

21 

Androscoggin, 

Auburn, 

11  250 

12  951 

3 

6 

3 

1 

5 

1 

3 

5 

4 

0 

1 

33 

21 

Kennebec, 

Gardiner, 

5  491 

5  501 

0 

2 

0 

0 

1 

2 

2 

2 

1 

2 

1 

14 

21 

Knox, 

lUjckland, 

8  174 

8  150 

3 

4 

0 

2 

0 

1 

5 

1 

1 

1 

1 

20 

20 

Somerset, 

Belfast, 

5  294 

4615 

1 

3 

0 

1 

1 

0 

1 

1 

0 

0 

0    1 

9 

17 

Sagadahoc, 

Bath, 

8  723 

10  477 

2 

3 

2 

1 

2 

0 

1 

0 

1 

1 

2    1 

16 

13 

Somerset, 

Skowhegan, 

5  068 

5  180 

2 

1 

1 

2 

0 

0 

0 

1 

0 

0 

0 

0 

7 

11 

WHIPPLE   AND   LEVY. 
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TABLE  No.   19.  —  Populations,  Numbek  of  Deaths   from    Typhoid 
Fever,  and  the  Average   Typhoid   Fever  Death  Rates   for 
Cities  and  Towns  in  the  State  of  Maine  which  have  be- 
tween 2  000  AND  4  000  Inhabitants,  from  1892  to  1903. 


County. 


City  or 
Town. 


Number 

OF 

Typhoid  Deaths 

"o 

Population. 

IN 

E 

\CH  Y 

EAR. 

4i 

IN 

M 

•* 

in 

d 

t>- 

X 

CJ 

o 

^ 

c-i 

n 

■3  >.s 

1890. 

1900. 

OS 

00 

CO 

cc 

05 
CO 

05 
00 

05 

00 

cc 

00 

o 

05 

o 

05 

ffl 

o 
o> 

898 

3  770 

2 

5 

0 

1 

2 

1 

2 

1 

3 

3 

5 

3 

28 

1  814 

2  277 

2 

3 

0 

0 

0 

3 

0 

1 

0 

0 

2 

5 

16 

2  484 

2  182 

1 

1 

1 

3 

0 

0 

1 

1 

3 

1 

0 

0 

12 

3  181 

2  714 

0 

1 

2 

1 

2 

1 

1 

0 

0 

4 

2 

1 

15 

3  120 

3  603 

3 

6 

1 

0 

1 

0 

1 

6 

1 

0 

0 

0 

19 

2  864 

2  878 

4 

0 

3 

0 

0 

0 

0 

0 

1 

3 

2 

2 

15 

2  503 

2  891 

0 

0 

1 

3 

2 

0 

2 

3 

1 

1 

1 

1 

15 

2  790 

3  257 

2 

3 

1 

1 

1 

0 

0 

0 

0 

2 

5 

1 

16 

3  434 

3  188 

2 

1 

1 

2 

4 

0 

2 

1 

0 

0 

2 

0 

15 

1  541 

2  758 

1 

0 

0 

4 

1 

1 

1 

1 

1 

0 

0 

1 

11 

3  207 

3  288 

0 

3 

2 

3 

1 

1 

1 

1 

0 

0 

0 

1 

13 

2  921 

2  339 

1 

3 

2 

0 

0 

0 

1 

0 

0 

1 

1 

0 

9 

3  046 

3  804 

6 

4 

2 

1 

0 

0 

0 

0 

1 

2 

1 

0 

17 

3  0S2 

2  049 

1 

0 

2 

0 

0 

0 

1 

0 

2 

1 

1 

1 

9 

3  422 

2  047 

2 

1 

3 

1 

0 

1 

0 

0 

0 

0 

0 

1 

9 

1  826 

2  528 

0 

0 

0 

0 

2 

0 

0 

4 

0 

0 

1 

1 

9 

3  510 

3  878 

0 

2 

1 

0 

0 

2 

0 

1 

0 

1 

1 

6 

14 

2  052 

2  062 

0 

0 

0 

2 

2 

0 

0 

0 

1 

0 

2 

1 

8 

1  .506 

2  129 

0 

4 

0 

0 

0 

2 

0 

1 

0 

0 

0 

0 

7 

3  156 

3  225 

3 

0 

0 

0 

1 

2 

0 

1 

2 

1 

0 

0 

10 

2  294 

2  280 

1 

0 

0 

1 

1 

0 

1 

0 

2 

0 

1 

0 

7 

2  069 

3  005 

0 

0 

3 

2 

0 

0 

0 

2 

2 

0 

0 

0 

9 

2  029 

2  007 

2 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

6 

3  009 

2  688 

1 

2 

1 

0 

2 

0 

0 

0 

0 

0 

2 

0 

8 

2  196 

2  123 

1 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

1 

6 

3  505 

3  143 

0 

0 

1 

0 

0 

2 

li 

0 

1 

1 

1 

2 

9 

2  821 

2  572 

1 

0 

0 

9 

0 

1 

1! 

1 

0 

1 

0 

0 

7 

2  150 

2  314 

0 

0 

0 

0 

0 

0 

1 

1 

1 

2 

0 

1 

6 

3  172 

3  228 

0 

1 

3 

1 

1 

0 

2 

0 

0 

0 

0 

0 

8 

1  917 

2  124 

0 

0 

1 

2 

0 

0 

0 

0 

1 

1 

0 

0 

5 

2  732 

2  941 

2 

0 

2 

1 

0 

0 

1 

0 

0 

1 

0 

0 

7 

2  888 

2  540 

0 

0 

0 

0 

1 

1 

2 

0 

1 

0 

0 

1 

6 

1  .394 

2  097 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

4 

1  815 

2  764 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

5 

2  111 

2  088 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

4 

2  0.37 

2  069 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

3 

2  471 

2  825 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

1 

4 

2  665 

2  902 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

4 

2  482 

2  339 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

3 

2  098 

2  274 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

3 

2  605 

2  868 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

3 

2  491 

2  206 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

2617 

2  358 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

2  356 

3  092 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

n 

0 

2 

2  036 

2  010 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2  035 

2  082 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2  444 

2  668 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Oxford, 

Kennebec, 

Penobscot, 

Kennebec, 

Androscoggin, 

York, 

Somerset , 

Penobscot, 

York, 

Franklin, 

Franklin, 

Hancock, 

Aroostook, 

Sagadahoc, 

Hancock, 

Aroostook, 

Somerset, 

Kennebec, 

Androscoggin, 

Oxford, 

York, 

Washington, 

York, 

Knox, 

York, 

Lincoln, 

Lincoln, 

Knox, 

York, 

Washington, 

Penobscot, 

Cumberland, 

Sagadahoc, 

Somerset, 

Kennebec, 

Knox, 

Knox, 

Oxford, 

Cumberland, 

Cumberland, 

Cumberland, 

Knox, 

Knox, 

Kennebec, 

Hancock, 

Washington, 

York, 


Rumford, 

Winslow, 

Hampden, 

Hallowell, 

Lisbon, 

Kitterv, 

Pittsfield, 

Orono, 

So.  Berwick, 

Jay, 

Farmington, 

Bucksport, 

Presque  Isle, 

Richmond, 

Deer  Isle, 

Fort  Kent, 

FairfieUl, 

^'assalboro, 

E.  Livermore, 

Paris, 

Berwick, 

Lubeo, 

Wells, 

Thomaston, 

Kenneb'kp't, 

Waldoboro, 

Bristol, 

Rockport, 

Kennebunk, 

Jonesport, 

Dexter, 

Gorham, 

Topsham, 

Madison, 

Winthrop, 

Warren, 

Camden , 

Norway, 

Freeport, 

Yarmouth, 

Bridgton, 

St.  George, 

\'inalhaven, 

Chelsea, 

Tremont, 

Machias, 

York, 


62 
59 
46 
46 
44 
44 
43 
41 
39 
33 
33 
32 
31 
31 
31 
30 
30 
28 
28 
26 
26 
25 
25 
25 
24 
24 
23 
22 
21 
20 
20 
20 
16 
15 
16 
12 
12 
11 
11 
11 
9 
8 
7 
5 
4 
4 
4 
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DISCUSSION'. 

Mh.  Charles  G.  Hyde.  I  want  to  express  my  appreciation 
and  thanks  to  the  gentlemen  who  prepared  the  paper  just  read. 
The  investigations  carried  on  by  them  were  thorough  and  emi- 
nently scientific.  I  am  very  glad  that  such  an  excellent  report 
of  this  study  has  been  presented  to  this  Association,  so  that  it 
can  be  published.  I  do  not  believe  that  many  of  us  realize  the 
great  educational  value  that  these  papers  have  as  they  go  out 
among  sanitarians,  engineers,  and  water- works  men  generally. 

Every  year  adds  to  our  knowledge  (a  vast  amount  having  been 
already  accumulated)  of  the  intimate  association  between  the 
quality  of  the  water  su[)ply  and  the  health  of  the  communities 
supplied.  You  in  Massachusetts  are  very  fortunate  in  having  a 
state  board  of  health,  the  pioneer  in  all  this  work,  which  has  been 
able  to  study  the  quality  of  the  water  supplies  of  this  state  for  a 
very  long  time,  so  that  there  is  hardly  a  supply  W'hose  character 
is  not  now  known.  Those  of  you  who  live  in  this  commonwealth 
are  able  to  know  how  comparatively  safe  you  are  in  taking  a  glass 
of  water. 

I  am  less  fortunate  than  many  of  you  in  that  I  am  living  in  a 
state  where  very  little  public  attention  is  paid  to  the  quality  of 
the  water.  I  have  been  living  in  Pennsylvania  for  the  last  four 
years,  and  since  residing  in  Harrisburg,  I  think  I  have  not 
taken  a  glass  of  raw  water  at  any  time.  All  water  used  for 
drinking  in  our  house  has  to  be  first  filtered  and  then  boiled, 
and  even  then  we  have  some  difficulty  in  getting  good  results, 
because  the  water  is  so  very  bad  to  start  with.  Until  I  went  to 
Harrisburg  nothing  at  all  was  known  in  regard  to  the  quality  of 
the  vSusquehanna  River  water.  It  is  the  largest  stream  entering 
the  Atlantic  Ocean  between  the  Gulf  of  St.  Lawrence  and  the  Gulf 
of  Mexico;  notwithstanding  that  fact, however, I  believe  very  few 
analyses  of  the  water  have  been  made  either  in  New  York  or  Penn- 
sylvania or  to  the  south.  In  taking  up  the  question  of  the  puri- 
fication of  the  water  supply  of  Harrisburg,  it  was  necessary  to 
start  at  the  beginning  and  install  a  laboratory  to  discover  what 
the  real  character  of  the  water  was,  and  to  equip  an  experimental 
purification  plant  to  see  how  it  could  best  be  improved.     That 
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work  has  been  done.  No  paper  embodying  the  results  of  the  in- 
vestigations has  been  as  yet  pubHshed,  but  I  hope  one  may  he 
soon. 

The  typhoid  fever  death  rate  in  communities  along  the  Sus- 
quehanna River,  where  the  unpurified  water  is  used,  is  high;  it 
has  been  continuously  high  for  a  great  many  years,  and  is  likely 
to  be  so  in  the  future,  because  very  few  of  these  towns,  except 
Harrisburg  and  one  or  two  others,  are  considering  the  quality  of 
the  water  w'hich  they  use  for  drinking. 

A  great  deal  of  information  has  been  gathered  in  regard  to  the 
immediate  relation  between  the  quality  of  drinking  water  and 
the  health  of  communities.  Dr.  Sedgwick,  for  instance,  in  his 
recent  Lowell  Institute  course  of  lectures,  has  shown  how  the 
health  of  the  city  of  Lawrence  has  been  improved  —  not  only  as 
regards  typhoid  fever,  but  in  general  —  by  the  filtering  of  the 
public  water  supply.  These  same  facts  were  exhibited  by  Mr. 
Morris  Knowles  and  myself  in  a  paper  presented  two  or  three 
years  ago  to  the  American  Society  of  Civil  Engineers  in  New  York. 
The  results  are  really  marvellous,  and  they  simply  show  how 
important  this  question  is.  A  study  of  the  effect  of  the  Albany 
filters  upon  the  typhoid  fever  and  the  general  death  rate  in  that 
city  reveals  the  same  most  satisfactory  results.  And  I  have 
reason  to  believe  that  the  data  collected  with  regard  to  this  point 
in  many  other  places  present  the  same  features. 

There  is  just  one  thing  more  that  I  should  like  to  say,  and  that 
is,  that  I  think  water- works  officials  and  engineers  should  act  in 
harmony  with  the  officials  of  health  boards,  not  only  the  state 
boards  in  the  several  commonwealths,  but  the  local  boards  of 
health.  I  think  every  one  of  us  should  look  forward  to  the  time 
when  infectious  diseases  of  every  nature,  and  especially  those 
which  are  water  borne,  shall  be  accurately,  systematically,  and 
thoroughly  reported,  and  the  records  carefully  studied  by  the 
public  at  large,  so  that  these  epidemics  which  have  been  such  an 
enormous  drain,  not  only  upon  the  health  but  upon  resources 
of  the  communities  in  which  they  have  occurred,  shall  be 
avoided,  and  we  shall  truly  live  in  an  era  of  very  much  better 
health. 

Mr.    Charles-Edward   A.    Wixslow.     Truth   is   said   to   be 
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at  the  bottom  of  a  well.  I  suppose  for  that  reason  it  is  natural 
that  when  you  get  to  the  bottom  of  any  water-works  proposition 
you  find  some  pretty  big  fundamental  truths. 

It  seems  to  me  that  in  this  discussion  to-day  we  have  been 
getting  do\\ii  to  some  principles  which  have  a  much  wider  appli- 
cation than  to  the  matter  of  water  supply  alone.  In  the  course 
of  lectures  to  which  Mr.  Hyde  just  referred,  Professor  Sedgwick 
said  a  word  or  two  in  regard  to  the  extension  of  public  powers  in 
its  bearing  on  public  health.  Now  this  question  of  public  owner- 
ship, or  Socialism,  is  perhaps  the  most  important  political  ques- 
tion that  we  have  to  face  in  the  next  twenty  years.  Professor 
Sedgwick  said  that  there  are  always  a  great  many  people  who 
say,  "  It  is  a  good  thing  to  have  gone  as  far  as  we  have  gone,  but 
we  do  not  want  to  go  any  farther,"  and  he  pointed  out  that  that 
is  not  the  w-ay  the  world  works;  if  it  sets  out  on  a  certain  path  it 
is  likely  to  keep  going  on.  I  think  we  have  all,  as  citizens,  to 
meet  the  probability  that  Socialism,  merely  defined  as  the  exten- 
sion of  the  power  of  the  state,  is  going  to  increase,  and  it  is  very 
necessary  that  we  should  see  that  it  increases  along  sound  and 
wise  lines. 

In  Massachusetts  we  are  pretty  familiar  with  extreme  Socialism 
in  the  matter  of  water-works  control.  In  other  states  the  problem 
is  being  met  in  different  w^ays,  sometimes,  as  has  been  stated,  by 
contracts  with  water  companies.  In  Louisville  they  have  met 
it  by  the  city  gradually  acquiring  the  stock  of  the  water  company, 
which  I  think  is  held  by  the  sinking  fvmd  commissioners,  just 
as  any  other  city  property  is  held.  And  we  have  heard  to-day 
of  a  new  and  an  extremely  interesting  and  important  method  of 
gaining  control  by  the  municipality. 

Professor  Smith  has  brought  out  the  point  that  the  administra- 
tion of  the  private  company  is  often  admirable,  better  than  that 
of  the  municipality.  But  isn't  this  so  largely  because  those  water 
companies  know  that  if  they  do  not  come  very  sharply  up  to  the 
mark,  the  city  will  step  in-  and  take  their  franchises?  So  that 
even  in  those  cases  we  can  say  that  the  good  quality  of  the  water 
supply  is  due  to  the  potential  control  of  the  city.  Is  not  that  a 
good  general  principle,  that  as  long  as  private  companies  perform 
public  functions  well  and  cheaply,  they  may  continue  to  do  so. 
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and  as  soon  as  they  cease  to  do  this,  the  pul)hc  must  step  in  and 
take  control? 

When  this  hapi)ens  I  su])mit  that  the  two  admirable  papers 
we  have  heard  read  to-day  furnish  valuable  precedents  as  to  the 
way  in  which  the  public  should  proceed. 

The  extension  of  the  power  of  the  state  should  not  be  made 
rashly  or  unadvisedly;  but  when  it  is  made,  as  in  the  case  of  these 
Maine  water  districts,  by  a  strictly  legal  method  and  after  the 
most  thorough  investigation  by  competent  experts,  the  socializa- 
tion of  public  utilities  may  be  one  of  the  most  efficient  aids  to 
social  progress. 

Mr.  Langdon  Pearse*  (by  letter).  In  this  paper  Messrs. 
Wliipple  and  Levy  have  succinctly  stated  the  main  points  of  the 
recent  typhoid  epidemic  in  the  Kennebec  River  valley.  The 
writer,  however,  would  like  to  add  a  few  notes  of  interest,  as  he 
was  the  resident  sanitary  engineer  for  Mr.  Whipple  at  Augusta. 

The  two  principal  towns  above  Fairfield,  on  the  Kennebec,  are 
Skowhegan  and  Madison.  Both  towns  are  partly  sewered  into 
the  Kennebec.  They  are  supplied  with  a  water  which  seems 
fairly  safe  at  present.  Skowhegan  is  supplied  by  several  aque- 
ducts from  springs  and  by  water  pumped  from  a  pond  below  the 
town.  At  times  of  drought  this  supply  is  re-inforced  by  pumping 
river  water.  Madison  draws  its  supply  from  the  Kennebec  above 
the  dam  below  which  its  sewage  is  discharged.  Above  Madison 
there  is  no  town  which  discharges  sewers  into  the  Kennebec. 

In  order  to  supplement  the  published  typhoid  records,  the 
writer,  in  the  course  of  an  inspection  trip,  interviewed  a  number 
of  physicians  in  both  Madison  and  Skowhegan,  and  found  that  the 
typhoid  occurred  only  in  scattering  cases,  and  then,  as  a  rule,  in 
the  spring  and  fall,  the  normal  season  for  typhoid. 

On  the  Sebasticook,  a  tributary  of  the  Kennebec,  the  two 
towns  with  sewers  are  Pittsfield  and  Newport.  Pittsfield  derives 
its  water  supply  from  the  west  branch  of  the  Sebasticook,  New- 
port from  a  pond.  In  neither  town  has  there  been  much  typhoid. 
Most  of  the  cases  have  occurred  in  the  spring  and  fall,  though  in 
Pittsfield   there    are    more  in  the  winter   than  in  Newport.     So 

*  Draughtsman  on  Purification  of  Water  Supply,  Board  of  Public  Service,  Columbus, 
Ohio. 
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far  as  I  could  ascertain,  none  oT  tlicsc  towns  had  ever  suffered 
from  a  typhoid  epidemic.  This  information,  in  connection  with 
the  low  typhoid  death  rate  at  Hallowell  and  Gardiner,  and  the 
few  cases  there  traceable,  shows  the  comparative  immunity  from 
typhoid  enjoyed  ])y  those  communities  in  the  Kennebec  valley 
which  use  a  water  supply  unlikely  to  be  infected  or  polluted. 
It  also  gives  another  reason  why  it  is  probable  that  the  direct 
source  of  the  past  typhoid  epidemics  at  Augusta  has  been  the 
sewage  of  Oakland  and  Water ville. 

In  the  following  table  I  have  shown  the  annual  typhoid  deaths 
(taken  from  the  reports  of  the  Maine  State  Board  of  Health)  and 
the  average  typhoid  death  rate  for  the  principal  towns  on  the 
Kennebec  watershed.  This  table  is,  I  think,  self-explanatory. 
I  would  call  attention  to  the  fact  that  many  of  the  deaths  noted 
for  Madison,  Skowhegan.  Pittsfield,  and  Newport  did  not  occur 
at  the  same  season  as  those  in  Waterville  or  Augusta. 

TABLE  No.  20. 

Dp:aths  from  Typhoid  Feveh  in  the  Principal  Towns  in  the 
Kennebec  Valley  1892-1903. 


Town. 


Population, 
U.  S.  Census. 


Deaths  from  Typhoid  Fever 
During  the  Yf..a.r 


■;;  cO 


^S^ 


< 


Madison  .  . 
Skowhegan 
Fairfield .  .  . 
Oakland .  .  . 
Newport  .  . 
Pittsfield  .  . 
\Yaterville 
Auirusta  .  . 
H;i'll(iwcll.  . 
Gardiner  .  . 
Richmond 


1  815 
.5  ()6S 
3  .510 

2  044 

1  LSS 

2  50.3 
7  107 

10  527 
•i  l.Sl 
5  491 

3  082 


2  764 
5  ISO 

3  878 
1  913 

1  533 

2  891 
9  477 

1 1  ()83 
2  714 
5  501 
2  049 


0    0 
2|  0 


0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

2 

0 

0 

0 

1 

0 

0 

2 

3 

1 

1 

1 

2 

3 

2 

7 

7 

19 

8 

4 

9 

4 

1 

0 

0 

4 

2 

2 

2 

1 

2 

1 

1 

0 

2 

1 

1 

5 

7 

S 

8 

4 

14 

33 

81 

14 

13 


21 
12 
19 
37 
26 
48 
35 
66 
45 
22 
28 


1 
1 
18 
31 
1 
1 
2 


*  Note.  —  These  figures  were    compiled    from  the  records   of  the  city  clerks,  and  are 
not  official. 


As  a  water  supply  for  Augusta,  the  Kennebec,  unfiltered,  should 
have  been  condenuuMl  long  ago,  not  only  on  account  of  the  typhoid 
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epidemics  directly  trac(>able  to  the  use  of  the  water,  but  also  on 
account  of  the  evident  pollution  of  the  stream  above  Augusta. 
From  Madison  down,  sewage  and  mill  wastes  pour  into  the  river. 
At  Waterville  alone,  only  17.1  miles  above  the  intake  at  Augusta, 
the  so-called  "  great  sewer  "  of  Waterville  discharges  continu- 
ously into  the  tail-race  of  the  Lockwood  Mills.  (The  sewerage 
system  of  Waterville  has  been  gradually  enlarged  since  its  begin- 
ning in  1889,  two  years  after  the  installation  of  the  Augusta 
Water  Company.)  For  three  miles  down  stream,  the  fecal  matter 
preserves  its  integrity,  and  for  a  longer  distance  toilet  paper  may 
be  traced.  Samples  of  the  river-bed  were  dredged  up  at  intervals, 
all  of  which,  except  those  taken  at  the  intake  and  a  mile 
above,  underwent  a  strong  putrefaction  in  the  course  of  seven 
weeks.  When  freshly  taken,  the  sewage  odor  could  be  traced  for 
seven  miles  below  Waterville.  Most  of  these  samples  were  black 
slime,  either  scraped  off  a  rocky  bottom  or  brought  up  with  sand 
or  gravel. 

At  Augusta,  as  Mr.  Whipple  says,  the  possibilities  of  infection 
by  media  other  than  water  were  one  by  one  excluded  from  con- 
sideration. In  studying  the  distribution  of  the  cases  among  the 
milk  dealers  it  was  found  that  one  dealer,  a  Frenchman,  had  served 
thirty-three  persons  who  were  attacked  with  typhoid,  while  the 
highest  number  served  ]3y  an  American  was  ten.  This  apparent 
bunching  of  cases  with  one  milkman  was  explained  by  the  remark- 
able prevalence  of  typhoid  among  the  French  Canadians,  his 
chief  customers.  In  addition  the  cases  were  very  evenly  dis- 
tributed over  a  period  of  two  months.  So  far  as  I  could  ascer- 
tain, none  of  the  milk  dealers  had  a  case  of  typhoid  in  their  fami- 
lies or  among  their  help,  either  before  or  during  the  epidemic. 

In  both  Waterville  and  Augusta,  there  are  large  numbers  of 
French  Canadians,  many  of  whom  are  employed  in  the  mills. 
Some  of  them  are  so  ignorant  of  sanitation  that  they  do  not  dis- 
tinguish between  the  functions  of  a  urinal  and  a  watercloset.  An 
inspection  of  their  homes  and  surroundings  reveals  as  discourag- 
ing a  situation.  IMany  use  privies  which  are  as  dangerous  to  the 
user  as  they  are  to  the  consumer  of  the  water  from  the  water- 
shed. While  this  may  be  partly  due  to  the  negligence  of  the 
owners  of  the  property,  it  is   usually  caused  by  the  carelessness 
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of  the  tenants.  lilthy  back-yards  and  reeking  pigsties  and 
chicken  coops  drain  directly  into  the  stream.  A  striking  ex- 
ample of  the  ease  with  which  the  Kennebec  may  be  polluted 
was  seen  at  Waterville.  Several  privies  used  by  some  thirty 
people  were  situated  about  thirty-five  feet  from  low  water,  but 
well  below  high-water  mark.  The  boxes  were  loosely  joined, 
leaching  on  the  ground.  A  French  Canadian  who  was  dawdling 
around  noticed  my  interest  in  the  privies  and  volunteered  the 
remark  that  he  had  been  greatly  inconvenienced  last  spring  because 
he  had  to  clean  out  those  privies.  Usually  he  simply  built  a  new 
set  to  replace  the  old  which  the  spring  freshet  swept  away  bodily 
with  the  accumulation  of  filth  for  a  year. 

A  study  of  the  maps  of  both  Waterville  and  Augusta,  on  which 
the  typhoid  cases  were  plotted,  shows  that  a  large  percentage  of  the 
cases  occurred  among  the  poorer  classes,  particularly  among  these 
same  French  Canadians.  For  instance,  in  one  family  of  eleven 
French  Canadians,  at  Augusta,  nine  were  sick  with  typhoid 
within  two  months.  All  had  drunk  river  water.  Probably 
some  caught  the  disease  from  the  earlier  patients,  for  a  survey 
of  the  premises  a  year  later  showed  an  unclean  privy  and  an 
unkempt  yard.  Such  general  conditions  as  I  have  described 
do  not  detract  from  the  virulence  of  the  epidemic.  They  empha- 
size, however,  a  means  to  restrict  the  spread  of  epidemics  which 
increase  gradually,  namely,  by  an  efficient  sanitary  police  w'ho 
can  not  only  instruct  the  people  in  cleanliness,  but  are  empowered 
to  force  them  to  observe  the  elementary  principles  of  sanitary 
science. 

In  conclusion,  the  writer  would  like  to  acknowledge  the  various 
courtesies  afforded  him  by  the  officials  of  the  Augusta  Water 
District  and  the  doctors  of  Augusta.  Then,  too,  the  uniform 
alacrity  with  which  the  people  of  Augusta  furnished  information 
materially  lightened  the  lal)or  of  the  extended  investigation  laid 
out  by   Mr.   Whipple. 

Mr.  R.  Winthrop  Pratt*  (l)y  letter).  By  way  of  discussing 
the  paper  of  [Messrs.  Wiiipple  and  Levy,  I  should  like  to  submit 
a  brief  account  of  the  severe  typhoid  epidemic  which  occurred 
at  Columbus,  Ohio,  in  the  early  part  of  1904. 

*  Engineer  to  the  Ohio  State  Board  of  Health,  Columbus,  (_)hio. 
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The  population  of  Columbus  at  the  time  of  the  epidemic  was 
about  150  000.  Besides  this  resident  population,  there  were 
present  in  the  city  a  large  number  of  visitors,  due  in  part  to  the 
opening  of  the  state  legislature. 

TABLE  Xo.  21. 
Monthly  Record  of  Typhoid  Fever  C.\ses  and  Deaths  in  Columbus,  O. 


Typhoid 

Cases 
Reported. 

Deaths 

FROM  Typhoid. 

Death  Rate 
per  100  000 
per  Year 
(based  on 
resident 
deaths). 

Death  Rate 
per  100  000 

Month. 

Resi- 
dents. 

Non- 
Resi- 
dents. 

Total. 

per  Year 
(based  on 
total 
deaths). 

Dec,      1903 

40 

4 

32 

Jan.,      1904 

72.5 

28 

7 

35 

224 

280 

Feb.,      1904 

798 

86 

8 

94 

688 

752 

March,  1904 

S3 

28 

5 

33 

224 

264 

April,     1904 

28 

7 

2 

9 

56 

72 

D.\iLY'  Record  of  C.\ses. 


1904. 

1904. 

Jan. 

Feb. 

March 

Jan. 

Feb. 

March 

1 

1 

138 

9 

17 

2 

19 

2 

2 

0 

52 

4 

18 

24 

25 

2 

3 

0 

29 

1 

19 

48 

22 

1 

4 

1 

28 

4 

20 

24 

27 

0 

5 

8 

28 

5 

21 

44 

4 

4 

6 

3 

48 

3 

22 

35 

21 

0 

7 

3 

16 

7 

23 

41 

8 

0 

8 

7 

74 

2 

24 

16 

15 

0 

9 

4 

34 

1 

25 

43 

19 

2 

10 

1 

26 

3 

26 

25 

14 

4 

11 

5 

19 

5 

27 

48 

0 

0 

12 

9 

15 

2 

28 

35 

2 

2 

13 

26 

36 

1 

29 

47 

4 

2 

14 

34 

12 

2 

30 

81 

2 

15 

43 

36 

2 

31 

23 

1 

16 

47 

13 

4 

The  typhoid  death  rate  for  years  previous  to  this  epidemic  had 
never  been  as  great  as  that  of  many  other  cities.  Sources  of 
pollution  to  the  water  supply  were,  however,  known  to  exist. 

The  death  rate  among  the  transient  population  was  probably 
greater  than  that  among  the  resident  population;  and  further- 
more there  were  many  persons  who  contracted  typhoid  in  Colum- 
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bus  at  this  time  and  died  elsewhere,  their  deaths  not  being  inehided 
in  the  above  table.  This  shows  that  the  visitors  to  a  city  Hke 
Columbus,  having  a  water  supply  subject  to  pollution,  are  more 
likely  to  be  affected  than  are  the  residents.  This  is,  probably, 
because  the  latter  are  in  the  habit  of  taking  certain  precautions 
in  using  the  water  while  the  former  come  to  the  city  and  use  it 
carelessly  or  unsuspectingly,  ^^'hen  the  epidemic  is  fully  under 
way,  however,  and  the  fact  is  known  all  over  the  country,  then 
the  visitors,  or  at  least  those  with  ordinary  intelligence,  are  prob- 
ably quite  as  careful  about  using  the  water  as  the  residents. 

Columbus  is  supplied  with  water  from  the  following  sources: 
First,  the  Scioto  River;  second,  Filter  Gallery  on  the  bank  of  the 
Scioto  River;  third,  Alum  Creek,  and  fourth,  wells  driven  along 
the  bank  of  Alum  Creek. 

At  the  "  West  Side  Pumping  Station  "  water  is  pumped  from 
the  first  two  sources  and  supplied  to  the  central  or  business  part 
of  the  city  as  well  as  to  the  western  and  northern  portions.  About 
11  000  000  gallons  per  day  are  supplied  by  this  pumping  station, 
and  the  proportion  drawn  from  the  river  directly  depends  upon 
the  cjuantity  available  from  the  filter  gallery.  The  latter  is  used 
when  possible  but  is  never  able  to  furnish  enough  water  for  any 
considerable  time,  so  that  the  raw  river  water  is  almost  always 
Ijeing  pumped  into  the  mains  in  greater  or  less  amount.  Just 
previous  to  the  epidemic  3  000  000  to  4  000  000  gallons  per  day, 
out  of  the  11  000  000  pumped  at  the  West  Side  Station,  was  raw 
river  water. 

At  the  "  East  Side  Pumping  Station  "  water  from  Alum  Creek 
or  from  driven  wells  near  by,  depending  upon  the  quantity  avail- 
able from  the  latter,  is  supplied  to  the  eastern  portion  of  the  city. 
The  (pumtity  from  this  source  is  perhaps  75  per  cent,  of  that 
furnished  by  tlie  West  Side  Station. 

Almost  without  exception  the  typhoid  fever  cases  occurred 
among  the  residents  of  the  district  supplied  with  Scioto  River 
water  or  among  the  Ijusiness  men  who,  though  residing  outside 
of  this  district,  were  supplied  with  vScioto  River  water  at  their 
offices.  This  fact  proved  that  the  water  sujiply  was  the  cause  of 
the  trouble  and  also  showed  that  the  Scioto  River  rather  than 
Alum  Creek  was  infected. 
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The  watershed  of  the  Scioto  River  above  Cohimbus  covers  an 
area  of  1  070  square  miles  and  consists  principally  of  farm  land, 
although  several  conununities,  constituting  serious  sources  of 
pollution  to  the  river  water,  are  located  upon  it. 

Within  65  miles  of  Columbus,  27  towns  and  4  institutions 
exist  upon  the  river  or  its  tributaries,  representing  a  population 
■  of  about  43  000,  while  the  sewers  of  six  of  the  towns  and  three  of 
the  institutions,  representing  a  population  of  about  30  000,  dis- 
charge directly  into  the  river  or  its  tributaries. 

Although  there  are  many  places  which  might  have  infected  the 
river  water  v.ith  typhoid  bacilli,  investigation  has  shown  that  by 
far  the  most  probable  cause  of  the  epidemic  was  the  State  Hos- 
pital for  Insane,  one  of  the  institutions  referred  to  above,  located 
within  the   city  limits   of  Columbus. 

The  sewerage  system  at  this  hospital  is  rather  unusual.  The 
domestic  sewage  from  the  institution,  which  is  occupied  by  some 
1  600  people,  is  collected  in  an  S-inch  or  a  10-inch  sewer  laid 
within  a  36-inch  storm  water  sewer.  A  short  distance  away  from 
the  institution  buildings  the  domestic  sewer  leaves  the  storm 
sewer  and  connects  with  the  city's  sewerage  system;  but  the  storm 
sewer  discharges  into  Dry  Run,  which  is  a  small,  intermittent 
stream  entering  the  Scioto  River  about  a  mile  above  the  water- 
works intake. 

Shortly  after  the  epidemic  broke  out  an  inspection  showed 
that  the  connections  between  the  sanitary  sewer  and  laterals, 
coming  from  various  parts  of  the  institution,  were  made  in  at  least 
two  cases  by  simply  discharging  the  laterals  into  the  big  storm 
sewer  and  constructing  a  bulkhead  immediately  below  the  point 
of  discharge,  through  w^hich  bulkhead  the  open  end  of  the  main 
sanitary  seAver  projected.  Under  these  conditions,  Avith  every 
storm,  the  water  collected  by  the  storm  sewer  carried  the  accu- 
mulated filth  from  behind  these  bulkheads  into  Dry  Run  and 
thence  to  the  river.  Moreover,  one  of  the  bulkheads  was  found  to 
be  broken,  permitting  some  of  the  sewage  to  flow  continuously 
into  Dry  Run.  It  was  necessary  to  take  twenty-two  and  a  half 
tons  of  putrefying  sludge  out  of  the  storm  water  sewer  in  order 
to  clean  it. 

Twelve  cases  of  typhoid  fever  had  occurred  at    the  institution 
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one  year  previous  to  the  epidemic,  since  which  time  there  were 
no  reported  cases  until  January  3.  190-4.  The  case  reported  on 
this  date  was  soon  followed  by  seven  more,  two  of  which  died. 

Typhoid  fever  had  occurred  to  a  greater  or  less  extent  at  Ken- 
ton, the  Girls'  Industrial  Home,  near  Delaware,  and  at  Arlington, 
all  liaving  sewers  discharging  into  the  river  or  its  tributaries,  and 
possibly  at  the  Stone  Quarries,  a  small  settlement  of  vmsanitary 
character  three  miles  above  the  intake  of  the  Columbus  water 
works. 

There  is  no  doubt  that  the  Insane  Hospital  discharged  the  great- 
est amount  of  sewage  into  the  river  with  the  exception  of  the 
cities  of  Kenton  and  Marion.  Therefore,  considering  this  as  well 
as  the  proximity  of  the  institution  to  the  water-works  intake 
(one  and  one-half  miles  following  Dry  Run  and  the  river),  the 
extremely  low  stage  of  the  river  at  this  time,  and  the  fact  that 
there  was  typhoid  fever  at  the  institution  at  least  ten  days  pre- 
vious to  the  ])eginning  of  the  rapid  increase  in  the  cases  in  Colum- 
bus, it  seems  fair  to  conclude  that  the  principal  factor  in  causing 
the  epidemic,  if  not  the  sole  cause,  was  the  State  Hospital. 

It  is  to  the  credit  of  the  citizens  of  Columbus  that,  realizing 
through  this  epidemic  the  importance  of  pure  water,  they  voted 
last  fall  a  bond  issue  of  SI  200  000  for  improving  and  filtering  the 
water  supply.     A  filtration  plant  will  soon  be  built. 
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THE   MISSISSIPPI    RIVER  AS  THE  SOURCE  OF   WATER 
SUPPLY  FOR  THE  INHABITANTS  OF  THE  MISSISSIPPI 
VALLEY.* 

BY   ERASTUS    G.    SMITH,    PH.D.,    PKOFESSOR    OF    CHEMISTRY,    BELOIT 

COLLEGE,  BELOIT,  WIS. 

[Read  March  8.  1905.] 

Gentlemen  of  the  New  England  Water  Works  Association,  —  I  am 
very  glad  to  be  here  this  afternoon  to  say  something  on  the  sub- 
ject of  the  Mississippi  River  as  the  source  of  water  supply  for 
the  inhabitants  of  the  Mississippi  Valley,  a  matter  of  consid- 
erable interest  to  the  country  at  large,  and  especially  to  us  in 
the  West.  The  subject  is  so  large  and  elastic  that  it  might  be 
made  to  cover  any  length  of  time,  but  the  limited  period  at  my 
disposal  naturally  forbids  an  extended  study  of  the  whole  drain- 
age area  of  the  Mississippi  basin.  This  area  includes  the  territory 
between  the  Alleghany  and  Rocky  mountains,  the  upper  boundary 
of  the  United  States  and  the  Gulf,  a  field  of  study  which  you  may 
well  judge  is  too  broad  to  be  covered  adequately  within  the  limits 
of  this  discussion. 

Note  on  a  map  the  Mississippi  River  in  its  general  course,  and 
the  Missouri,  the  Ohio,  and  the  Illinois  rivers.  Observe  the  location 
of  the  cities  of  Minneapolis  and  St.  Paul;  further  down,  the  cities 
of  Dubuque,  Davenport,  Moline,  Rock  Island,  Quincy,  Burlington, 
and  St.  Louis;  and  finally  New  Orleans  near  the  mouth  of  the 
river. 

We  are  accustomed  to  speak  of  the  "  eastern  slope  "  of  the 
United  States,  the  ''  western  slope,"  and  the  "  Mississippi  basin." 
You  will  note  that  this  basin  is  naturally  divided  into  several 
districts,  representing  the  drainage  areas  of  the  principal  tribu- 
tary rivers.  But  to-day  I  propose  merely  to  speak  of  the  drainage 
basin  of  the  Mississippi  River  proper,  simply  alluding  in  passing 

*  This  address  was  illustrated  with  about  seventy  lantern  slides,  to  which  constant 
reference  was  made. 
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to  these  other  large  streams  as  they  modify  and  affect  the  general 
character  of  the  Mississippi  River  below  the  points  where  they 
join  it. 

There  are  certain  contributory  influences  determining  the 
various  types  of  water  carried  which  are  quite  important  for  us 
to  understand  thoroughly  in  this  study  of  the  Mississippi  River. 
First,  the  drainage  basin,  extending  over  so  great  an  area  as  it 
does,  naturally  would  be  subject  to  marked  meteorological  changes; 
the  storms  and  the  widely  varying  atmospheric  conditions 
of  the  sections  seriously  affect  the  river.  It  is  astonishing 
how  markedly  the  waters  of  the  Mississippi  River,  even  in 
its  upper  jjortion,  and  still  more  so  in  the  lower  reaches,  are 
affected  by  the  sudden  changes  due  to  storms  during  the  summer 
season.  At  Burlington,"  Iowa,  for  example,  last  year,  the  quality 
of  the  water  would  materially  change  overnight,  the  water  on 
one  day  containing  comparatively  little  suspended  matter,  and 
the  next  day  being  fairly  thick  and  muddy  from  the  amount  of 
clay  and  silt  A\hich  had  been  washed  into  the  river  during  the 
night,  owing  to  a  storm  which  had  arisen.  Of  course  a  part  of 
this  remains  suspended  and  a  part  rapidly  settles  to  the  bottom 
of  the  river.  Local  floods  thus  caused  and  the  fluctuations  due 
to  violent  storms,  charging  the  waters  with  suspended  matter 
and,  especially  if  the  storms  are  prolonged,  changing  the  relatiA^e 
amounts  of  dissolved  matters  and  the  alkalinity  of  the  waters, 
—  upon  a  knowledge  of  which  the  successful  operation  of  purifica- 
tion works  depends,  —  present  most  serious  problems  for  the 
engineer  to  overcome  successfully.  In  the  same  manner 
meteorological  conditions  affect  the  basins  of  the  tributary 
streams,  and  hence  more  or  less  directly  affect  the  main  river. 

A  second  element  affecting  to  the  condition  of  the  ^lissis- 
sippi  River  is  the  seasoiial  fuctitation.  This  is  a  very  important 
factor  and  one  which  has  been  too  often  lost  sight  of  by  those 
called  upon  to  study  the  Mississippi  River  and  to  determine  the 
most  efficient  method  of  the  purification  of  its  water.  The  water 
of  the  Mississippi  River  in  the  winter  differs  entirely  from  its 
condition  in  the  spring,  and  especially  in  the  months  of  May  and 
June,  when  the  waters  are  heavily  laden  with  silt.  It  is  also 
entirely  different  from  its  condition  in  August  and  September. 
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Curiously  enough  the  river  water  during  the  early  fall  is  often 
in  its  worst  condition  to  purify  properly.  I  do  not  know  the 
exact  reason  for  this,  but  it  is  associated  with  the  low  condition 
of  the  water  affecting  the  upper  drainage  areas,  and,  probably, 
especially  with  the  peculiar  condition  of  the  organic  materials 
the  waters  carry. 

A  third  influence  seriously  affecting  the  IMississippi  River  is 
the  wide  territory  which  it  covers,  and  notably  the  great  variety 
of  geological  formations  the  river  traverses.  The  various  branches 
of  the  river  also  traverse  different  geological  horizons,  and  the 
materials  added  to  the  river  from  these  exposures  of  different 
layers  and  horizons  of  rock  seriously  affect  and  modify  the  ciuality 
of  the  river  water,  and  determine  the  diversity  of  problems  of 
the  sanitary  engineer  investigating  the  best  method  of  treatment 
of  the  water. 

If  you  will  consider  for  a  moment  the  character  of  these  rocks 
of  the  various  geological  periods  cut  -by  the  river,  you  will  under- 
stand how  they  affect  the  quality  of  the  river  water.  You  know 
that  granite  is  not  soluble  in  water,  and  therefore  the  waters 
which  fall  on  the  territory  where  granite  rocks  are  exposed  do  not 
become  impregnated  with  mineral  salts,  but,  draining  off  into 
the  lake  at  the  north  and  the  Mississippi  River  to  the  west,  they 
yield  water  of  excellent  quality,  soft  and  quite  free  from  mineral 
salts.  The  Silurian  exposures  which  contain  horizons  of  sand- 
stone and  limestone,  and  the  Devonian,  another  area  of  limestone, 
give  solutions  of  calcium  and  magnesium  salts;  the  carboniferous 
exposure  contributes  in  its  own  way  solutions  of  lime  and  other 
salts;  and  thus  the  cpiality  of  the  water,  as  we  pass  down  the 
river,  is  materially  changed.  The  whole  territory  to  the  north- 
west through  the  Dakotas  is  essentially  a  cretaceous  deposit, 
so  that  the  waters  from  the  Missouri  River  are  quite  hard  in 
character,  and  especially  affect  the  lower  ranges  of  the  Mississippi. 

Another  interesting  fact,  which  does  not,  however,  appear 
from  the  map,  is  that  the  territory  contiguous  to  the  upper  Mis- 
sissippi River  as  far  south  as  the  upper  tiers  of  counties  of  Iowa 
and  Illinois  is  covered  with  a  calcareous  gravel,  deposits  from  the 
great  Ice  Age,  and  varying  in  thickness  from  a  few  feet  to  some 
hundreds  of  feet  at  particular  points.     The  waters  from  the  sur- 
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face  filtering  clown  through  this  calcareous  gravel  take  up  part  of 
the  lime  and  magnesium  salts,  and  thus  are  much  increased  in 
hardness.  These  calcareous  gravels  affect  both  the  river  waters 
and  surface  wells  through  the  West,  though  not  affecting  the 
waters  eciually  in  this  section  of  the  country. 

A  fourth  factor  influencing  the  quality  of  the  water  is  the 
content  of  the  influent  streams  along  the  river.  We  have  not 
time  to  go  into  the  question  in  much  detail,  nor  it  is  germane  to 
this  discussion,  but  Avater-works  systems  located  at  different 
points  along  the  river  are  often  materially  affected  by  the  inflow 
from  small  streams.  The  particular  case  of  Burlington  already 
cited  was  due,  not  to  a  storm  distributed  along  any  considerable 
territory  adjacent  to  the  main  body  of  the  river,  but  to  a  storm 
purely  local  in  character,  which  had  affected  a  small  influent 
stream  finding  its  way  into  the  main  river  three  or  four  miles 
above  the  water  works.  I  have  seen  the  works  at  Davenport, 
for  instance,  operating  well  one  day,  and  the  next  day  the  waters 
were  fairly  turbid  from  a  storm  which  had  vented  itself  upon  a 
small  stream  emptying  into  the  Mississippi  River  a  few  miles 
above.  Thus  the  character  of  the  influent  streams,  both  large 
and  small,  is  a  very  important  factor  in  the  study  of  the  waters 
of  the  Mississippi  River.  These  matters  may  not  particularly 
interest  you  gentlemen  here,  who  have  to  study  streams  of  com- 
paratively moderate  length,  but  they  are  very  important  elements 
in  the  varied  problems  presented  to  engineers  investigating  our 
western  supplies,  because,  while  here  you  have  to  deal  with  com- 
paratively short  rivers,  there  we  have  to  deal  with  rivers  hundreds 
of  miles  in  length,  extending  over  wide  territory,  the  character 
of  the  material  changing  in  a  few  miles  or  a  few  hundred  miles, 
and  those  materials  being  transported  down  the  stream  to  the 
purification  works  below. 

With  this  brief  glance  at  some  of  the  more  important  influences 
at  work,  let  us  consider  for  a  moment  the  general  appearance  of 
the  Mississippi  River.  The  river  itself  is  a  broad,  commanding 
stream,  through  both  its  upper  and  lower  reaches;  having  no  very 
decided  falls,  the  river  is  navigable  a  great  part  of  the  open  season 
as  far  north  as  St.  Paul.  The  banks  for  the  most  part  are  high 
and  precipitous  uj^on  either  side. 
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What  results  do  these  agencies  and  others  —  and  there  are 
many  of  them  —  work  in  this  stream?  The  first  result  is  a  con- 
dition, not  exactly  peculiar  to  the  Mississippi  River,  but  common 
to  many  of  our  northern  rivers  in  the  West,  namely,  the  presence 
of  large  amounts  of  extractive  material  which  comes  from  the 
lumber  lands  and  from  the  great  swamps  lying  to  the  north.  The 
logs  and  lumber  floating  or  rafted  down  the  river  as  already  men- 
tioned, also  impart  large  amounts  of  the  extractive  matter.  The 
first  quality  imparted  is  the  high  color,  which  runs  frequently 
at  ordinary  stages  of  the  river  as  high  as  40  on  the  scale  with 
which  w^aters  are  usually  graded.  Another  peculiarity  of  this 
extractive  matter  in  the  Mississippi  River  is  its  rather  acid  char- 
acter. I  take  it  that  this  extractive  matter  coming  down  from 
these  pine  and  hemlock  and  tamarack  swamps  to  the  north  is 
largely  material  closely  allied  to  the  tannic  acids,  soluble  in  the 
water,  as  when  it  is  studied  it  exhibits  the  characteristics  of 
material  directly  taken  from  the  barks.  The  nature  of  this  mate- 
rial held  in  solution  would  be  an  extremely  interesting  question 
to  investigate  in  detail,  but  we  can  merely  allude  to  it  in  passing. 
This  dissolved  extractive  matter  is  a  gummy-like  or  albuminous 
material  of  a  colloidal  nature,  which,  held  in  suspension  or  in 
solution  in  the  water,  exhibits  peculiar  properties,  especially  when 
it  is  brouglit  into  contact  with  other  colloidal  solutions.  As  I 
shall  develop  later  in  connection  with  the  ordinary  processes  of 
mechanical  filtration  by  which  alone  this  water  can  be  successfully 
treated  and  purified,  the  exact  nature  of  the  dissolved  material 
demands  more  thorough  study  than  has  yet  been  given  it,  as  upon 
the  correct  understanding  of  it  the  intelligent  application  of  all 
purification  processes  depends. 

It  should  be  noted  in  this  connection  that  this  extractive 
matter  is  extremely  difficult  to  remove.  There  is  need  to  em- 
phasize this,  because  if  any  of  you  become  interested  in  problems 
of  this  kind,  or  have  to  do  with  them,  you  will  find  that  the 
removal  of  this  matter  presents  the  most  serious  difficulties.  Alum 
seems  to  remove  it  most  easily  of  anything.  The  compounds  of 
iron,  which  have  been  recommended  in  later  years,  apparently  do 
not  materially  affect  this  extractive  matter  of  the  upper  [Mississippi, 
and  simple  sand  filtration  hardly  lowers  the  color  of  the  river  water. 
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The  second  result  of  the  agencies  at  work  on  the  Mississippi 
River  water  is  the  silt,  one  of  the  most  interesting  features  of 
water  purification  in  the  West.  In  the  East  the  rivers  are  clear 
as  compared  with  the  Mississippi  River  or  the  Ohio  or  the  Mis- 
souri. To  give  you  some  idea  of  the  amount  of  silt  which  is  carried 
down  by  the  Mississippi  River,  we  have  a  resume  in  tabular  form 
of  some  of  the  results  obtained  by  Humphreys  and  Abbott  for 
the  United  States  Survey  in  1861.  The  mineral  matter  is  present 
in  the  river  in  three  forms:  it  may  be  in  solution,  or  in  suspension, 
that  is,  held  in  an  exceedingly  finely  divided  condition,  or  it  may 
be  as  a  coarser  sand  or  gravel  rolled  along  the  bottom  of  the  river. 
The  amount  of  material  carried  in  solution  down  the  Mississippi 
River  annually  is  something  over  one  hundred  million  tons,  which 
would  be  equivalent  to  one  foot  of  the  entire  drainage  surface  in 
twenty-five  thousand  years,  —  the  whole  drainage  area  between 
the  Rocky  Mountains  and  the  Alleghany  Mountains,  —  this  area 
being  about  a  million  and  a  ([uarter  square  miles  in  extent.  The 
amount  contained  in  suspension,  that  is,  the  silt,  amounts,  accord- 
ing to  their  determination,  to  something  over  four  hundred  million 
tons  annually.  That  would  be  equivalent  to  one  foot  of  the  entire 
drainage  surface  in  six  thousand  years.  The  amount  contained 
as  sand  and  gravel,  which  is  too  heavy  to  be  floated  in  the  river, 
but  is  rolled  along  the  bottom  of  the  river,  amounts  to  seven  hun- 
dred and  fifty  million  tons  annually,  equivalent  to  one  foot  of  the 
drainage  surface  in  three  thousand  years. 

The  total  removal  by  these  three  agencies  working  together 
would  be  an  amount  eciuivalent  to  one  foot  over  the  entire  drainage 
area  in  every  two  thousand  years.  This  amount  each  year  is 
eciuivalent  to  a  column  a  mile  sc{uare  at  its  base  and  268  feet  high; 
or,  to  put  it  in  a  little  more  tangible  form,  would  make  a  column 
about  thirteen  times  the  area  of  Boston  Common  and  268  feet 
in  height.  Tliis  gives  us  some  idea  of  the  tremendous  amount  of 
material  carried  down  the  river  annually.  Of  course  these  mate- 
rials in  suspension  and  solution,  and  the  larger  particles  rolled 
along  the  bottom,  present  a  very  serious  problem  to  the  engineer 
when  called  upon  to  devise  a  system  of  purification  for  this  river 
water. 

Something  should  be  said  further  regarding  tiie  sanitary  signi- 
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ficancc  of  this  silt,  because  it  is  a  factor  of  the  problem  too  often 
disregarded.  The  silt  contained  in  the  Mississippi  River  is  at 
once  the  bvn-den  of  the  engineer  and  at  the  same  time  the  great 
means  of  self-purification  of  the  river  water.  May  I  use. a  homely 
illustration?  You  have  all  taken  a  stone  or  a  small  snowball  and 
rolled  it  along  through  the  snow,  and  you  know  how  the  particles 
of  snow  tend  to  Ixall  together.  In  exactly  the  same  way  these 
particles  of  silt  moving  along  tend  to  become  agglutinated  or 
to  cling  together,  so  that  the  particles  gradually  become  larger; 
as  a  result  the  water  becomes  clearer,  the  substances  in  colloidal 
solution  become  partially  co-precipitated,  bacteria  and  the  micro- 
organisms of  the  water  also  adhere,  and  by  their  specific  gravity, 
which  is  1.9,  that  is  about  twice  that  of  water,  the  particles 
gradually  sink  to  the  bottom.  That,  in  itself,  is  a  great  agency 
for  the  auto-purification  of  our  western  streams.  We  heard  a 
great  deal  about  silt  purification  in  the  Chicago  Drainage  Canal 
case,  and  what  it  contributed,  if  anything,  to  the  self-purification 
of  the  Illinois  River.  We  hear  of  it  continually  in  the  study  of 
the  removal  of  materials  from  the  river.  Mr.  R.  S.  Weston,  in 
the  admirable  line  of  experimentation  which  he  carried  on  for 
the  proposed  new  works  for  New  Orleans,  showed  the  remarkable 
removal  of  bacteria  in  the  lower  reaches  of  the  river  due  to  the 
processes  of  sedimentation,  increased  and  made  more  certain 
through  the  silt  contained  by  the  river  water. 

Another  result  from  the  agencies  at  work  contributing  to  the 
pollution  of  the  river,  is  the  material  carried  in  solution.  I  will 
simply  note  the  fact  that  the  waters  of  the  river  vary  in  mineral 
content,  being  mostly  the  carbonate  of  lime  and  magnesian  salts 
in  solution,  and  increase  in  hardness  as  samples  are  taken  down 
the  stream.  This  is  of  special  interest,  however,  from  the  indus- 
trial standpoint,  as  it  affects  the  use  of  water  for  boilers  and 
manufacturing  purposes,  and  I  will  not  take  your  time  to 
discuss    it  further  now. 

The  fourth  and  the  last  result  which  I  want  to  speak  of  to-day, 
and  which  I  shall  endeavor  to  emphasize  again,  is  the  contribution 
man  himself  makes  to  the  pollution  of  a  river  water  which  was 
originally  pure  and  clear  along  its  upper  reaches.  If  you  examine 
the  water  front  at  St.  Paul,  INIinn.,  you  can  see  the  sewers  opening 
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into  the  river  along  the  whole  water  front;  had  we  a  view  of  the 
water  front  of  the  city  of  Minneapolis  you  would  find  the  sewers 
from  that  city  emptying  into  the  Mississippi,  and  could  we  follow 
the  whole  length  of  the  river  we  would  find  that  the  waste  and 
refuse  and  sewage  of  the  cities  is  thrown  out  into  the  river,  trans- 
forming it  in  reality  into  a  great  open  sewer.  And  it  is  not  only 
the  sewage  from  the  closets  and  the  drains  of  the  cities  and  the 
general  waste  and  wash  of  the  houses  which  is  thus  disposed  of, 
for  could  we  go  down  the  Mississippi  River  at  about  this  time  of 
the  year,  before  the  break-up  of  the  ice,  we  would  find  in 
front  of  any  city,  and  especially  somewhat  below  the  city, 
heaps  of  ashes,  w^aste,  filth,  dirt,  night-soil,  and  dead 
animals  thrown  out  upon  the  ice,  there  to  remain  only  until 
the  break-up  comes  in  the  spring,  wdien  the  whole  winter's  accu- 
mulation is  dumped  into  the  river  to  be  swept  a  little  further 
down  the  stream  to  w^aste  and  decay  along  the  bed  of  the  river! 
What  shall  be  said  in  extenuation  of  the  action  of  municipalities 
in  pursuing  such  a  course  and  willfully  polluting  the  water  of  the 
river  below,  which,  as  we  shall  see,  is  absolutely  necessary  for  the 
water  supply  for  this  great  territory? 

With  this  understanding  of  the  natural  conditions  controlling 
the  influent  waters,  and  the  four  chief  agencies  at  work  seriously 
controlling  its  quality,  I  want  to  speak  of  the  water  as 
it  is  actually  used  as  a  water  supply.  The  attentive 
student  of  the  water  problem  becomes  more  and  more 
convinced  that  from  the  contour  of  the  country,  the  nature 
of  the  soils,  the  rock  exposure,  the  hard  waters  from  the  subsoil, 
from  the  conditions  surrounding  the  cities  ranged  along  the  l^anks 
of  the  Mississippi,  the  people  by  necessity  are  practically  driven 
to  the  river  as  the  best  and  sometimes  the  only  source  of  a  public 
water  supply. 

At  present  there  are  in  general  four  ^\■ays  in  which  the  water  is 
taken  and  vised  for  a  public  supply. 

1.  The  first  of  them  is  that  in  use  in  Minneapolis,  Minn.,  which, 
so  far  as  I  could  recall  in  the  preparation  of  this  paper,  is  the  only 
city  taking  its  supply  directly  from  the  river  and  pumping  the 
water,  without  any  attempt  at  treatment,  directly  to  the  people. 
But  that  might  not  be  so  bad  if  ]\Iinneapolis  would  be  reasonable 


SMITH.  223 

and  take  the  water  wholly  above  the  city,  —  the  country  above 
the  city  being  open,  with  no  considerable  pollution.  The  water, 
it  is  true,  has  a  very  high  color  because  of  the  extractive  matter 
already  spoken  of,  but  the  river  is  not  subject  to  polluting  agencies, 
notably  from  the  sewers  and  the  manufacturing  waste  and  debris 
from  any  great  population. 

In  1896  I  was  invited  by  Mr.  Cappelen,  at  that  time  city  engi- 
neer, to  make  a  report  upon  the  water  supply  of  the  city  of  Min- 
neapolis. On  investigating  the  situation  I  found  the  water  above 
the  city  highly  colored,  charged  with  extractive  matter,  and  in 
the  report  I  recommended  filtration  of  the  water  by  mechani- 
cal filtration  as  the  most  efficient  method  of  purification. 
The  subject  has  been  more  fully  investigated  by  engi- 
neers since  that  time,  and  I  believe  the  reports  have 
practically  been  unanimous  in  advising  the  filtration  of  the 
supply.  But  those  suggestions  have  not  been  heeded,  and 
what  has  been  the  result?  There  are  now  four  pumping 
stations  for  the  city  of  ^Minneapolis,  one  located  near  the  cen- 
ter of  the  water  front,  another  at  a  point  jiist  above  the  St. 
Anthony's  Falls,  both  of  these  being  in  a  part  of  the  city  below 
the  out-fall  of  the  sewers  and  notably  below  the  discharge  from 
Bass's  Creek,  which  receives  the  discharge  from  sewers,  so  that 
the  sewage  from  the  city  finds  its  way  down  the  river  to  these 
intakes.  The  other  pumping  stations  are  located  above  the  city, 
one  on  one  bank  of  the  river  and  the  other  (Station  4)  on  the  other 
bank,  having  been  erected  since  I  was  there  in  1896.  December 
30,  1903,  it  was  necessary,  owing  to  lack  of  pressure,  to  start  the 
pumps  at  Pumping  Station  No.  2.  Immediately  a  typhoid  fever 
outbreak  occurred  in  the  city  of  Minneapolis,  of  which  you  have 
been  advised,  as  you  have  read  engineering  literature;  and  where 
were  the  cases  located?  They  were  located  almost  w^holly  in  the 
section  of  the  city  taking  its  water  supply  solely  from  the  station 
No.  2  above  St.  Anthony's  Falls,  the  rest  of  the  city  being  prac- 
tically free  from  the  disease.  That  was  the  penalt}',  or  rather 
one  of  the  penalties,  which  the  city  of  Minneapolis  has  paid  for  not 
properly  filtering  or  purifying  the  water  of  the  river  in  some  way. 

2.  A  second  method  of  treatment  is  the  very  simple  one  of 
simple  sedimentation  of  the  water,  pumping  it  to  a  reservoir, 
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allowing  it  to  stand  for  a  period  to  allow  the  heavier  i)articles 
time  to  separate  out,  and  then  drawing  off  water  from  the  surface 
as  the  supply  for  the  people.  But,  after  all,  there  is  nothing  new 
about  the  purification  of  water  in  this  manner.  Many  of  you  have 
been  in  Rome  and  have  seen  those  great  aqueducts  stalking  across 
the  Campagna,  by  which  the  old  Roman  engineers  brought  water 
practically  on  a  level  from  the  base  of  the  Apennines.  Sometimes 
there  were  two,  and  even  three,  of  these  acjueducts,  one  above  the 
other  as  they  were  forced  still  farther  back  after  the  water,  bringing 
it  in  on  a  yet  higher  level.  But  what  interests  us  most  to-day  is 
the  fact  that  the  old  Romans  had  an  idea  of  the  purification  of 
water,  and  that  there  is  nothing  new  after  all  in  the  process  of 
sedimentation.  There  were  sometimes  breaks  in  the  old  Roman 
acjueduct.  in  order  to  introduce  a  set  of  sedimentation  chaml^ers, 
remains  of  which  have  been  found.  There  was  the  in-flow  of  the 
water  from  the  aqueduct  into  one  chamber,  thence  down  into  a 
second,  thence  into  a  third,  then  up  into  a  fourth  chamber,  and  so 
on  out  into  the  aqueduct  again.  What  jvas  the  result?  It  simply 
stayed  the  force  of  the  stream,  allowing  a  chance  for  sedimenta- 
tion, so  that  the  sand  and  gravel  as'it  rolled  along  upon  the  bottom 
of  the  aqueducts  could  settle  down  in  these  several  chaml^ers. 
Whenever  necessary  the  current  could  be  turned  off  and  these 
chambers  cleaned  out. 

As  an  example  of  modern  sedimentation  works,  perhaps  the 
most  satisfactory  in  this  country,  and  in  constant  use  as  long  as 
any,  I  would  cite  those  at  Omaha,  Neb.,  which  deal  with  the  waters 
of  the  Missouri  River.  The  Missouri  River  is  much  more  heavily 
laden  with  silt  than  the  Mississippi,  the  water  being  of  a  muddy 
appearance  through  the  greater  portion  of  the  year  —  its  Indian 
name  signifies  "  The  Big  Muddy."  It  is  plain  that  this  silt  must 
be  removed  from  the  water  before  it  is  used.  At  Omaha  the  water 
is  pumped  up  from  the  river  into  the  upper  basin,  whence  it  flows 
over  a  low  dam  into  a  lower  one  and  then  into  the  third.  I 
have  seen  the  basins  cleaned  after  a  few  weeks'  use  during  the 
floods  in  the  springtime  w^hen  the  waters  were  heavily  charged 
with  silt,  and  as  much  as  sixteen  feet  of  silt  in  one  of  these  upper 
basins,  an  amount  about  one  foot  in  depth  at  the  same  time  being 
deposited  in  the  second  basin. 


SMITH.  225 

The  process  of  sedimeiitiitioii  is  used  very  largely  upon  the 
Mississippi  River  at  the  present  time.  At  the  filtration  works 
at  Davenport,  la.,  a  most  efficiently  operated  works  on  the  ^lis- 
sissippi  River,  it  was  found  necessary  to  introduce  a  system  of 
pre-sedimentation.  particularly  to  get  rid  of  the  great  body  of  silt 
brought  down  by  the  river,  thus  relieving  the  filters  of  a  great 
deal  of  work  which  they  otherwise  would  have  to  do.  The  settling 
basin  is  of  heavy  concrete  construction,  of  a  capacity  of  5  000  000 
gallons,  allowing  the  water  a  full  twenty-four  hours'  sedimenta- 
tion. The  water  is  pumped  by  a  low-pressure  pump,  through  a 
main  reaching  to  the  upper  end  of  the  basin;  it  is  then  skimmed 
off  through  a  weir  at  the  opposite  end  into  the  fore-bay  where 
it  is  mixed  with  alum  and  after  sedimentation  and  coagula- 
tion is  delivered  to  the  pumps  for  filtration.  The  cleaning 
is  done  by  a  water  main  which  is  laid  on  the  floor  of  the 
basin,  near  the  long  side  walls;  jets  of  water  issuing  under 
pressure  drive  against  the  walls ,  and  as  the  water  flows  back  along 
the  floor  of  the  basin,  men  with  shovers  push  the  silt  and  coarser 
sand  into  a  central  gutter,  through  Avhich  it  runs  off  to  the  sewer, 
discharging  into  the  river  below  the  intake,  this  being  a  very  cheap 
and  economical  method  of  cleaning  the  settling  basin. 

Further  down  is  the  largest  sedimentation  system  on  the  river, 
namely,  that  at  St.  Louis.  The  w^ater  works  of  St.  Louis  to-day 
are  located  at  the  Chain  of  Rocks  above  the  city.  It  should  be 
said  in  passing  that  the  water  is  now  treated  with  iron  and  lime, 
facilitating  the  rate  of  sedimentation;  but  at  present  few  definite 
data  are  available  upon  the  process,  which  is  simply  one  of  sedi- 
mentation. 

The  following  interesting  table  is  taken  from  the  report  of  Mr. 
Flad  to  the  city  of  St.  Louis  in  1900,  and  gives  some  idea  of  the 
immense  amount  of  silt  removed  from  the  settling  basins : 
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Depth  of  Silt  ix  Inches  ix  each  Basix.  —  St.  Loris  Water  Works. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

1899 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

Cost. 

Mav   

23 
23 

24 

24 

71 

18 
18 
19 
55 

24 
20 
22 
66 

19 
14 
17 
50 

32 
19 

22 

73 

28 
14 

17 

59 

33 
17 

17 

67 

29 

12 

12 
53 

36 
14 

50 

30 
10 

40 

39 
17 

56 

34 
12 

46 

$955.97 

June 

Julv   

1  293.99 
857  57 

Septoniber  

October 

174.. 50 
433.87 

Total   .  . 

$3  715.90 

Note.  —  Columns  "  a  "  show  total  sediment  deposited;  columns  "  b  "  show  the  sedi- 
ment removed  by  manual  labor. 

The  total  amount  of  sediment  deposited  in  the  basins  during 
the  year  was  317  000  cubic  yards,  of  which  248  000  cubic  yards 
was  removed  by  manual  labor,  at  a  cost  of  $3  715.90,  or  1.49 
cents  per  cubic  yard. 

3.  The  third  method  of  purification,  namely,  that  of  slow  sand 
filtration,  requires  but  brief  consideration  in  this  connection. 
We  of  New  England  are  very  apt  to  think  of  the  purification  of 
water  by  slow  sand  filtration  as  the  best  method  of  purification, 
and  it  is  undoubtedly  the  best  system  with  a  moderately  colored 
water,  and  where  the  suspended  materials  are  low.  But  from 
what  has  been  said  you  can  understand  why  it  is  not  readily 
applicable  to  the  Mississippi  River.  In  the  first  place,  slow  sand 
filtration  does  not  materially  remove  color  due  to  dissolved  mate- 
rials. In  the  second  place,  by  that  method  you  cannot  filter  a 
water  so  heavily  charged  with  silt  as  this  water.  This  is  one  of 
the  reasons  why  the  filters  at  Rock -Island  failed  in  1900,  at  the 
time  of  the  terrible  outbreak  of  typhoid  fever  in  that  city.  It 
has,  therefore,  been  necessary  to  recommend  some  modified 
system  with  previous  treatment  in  some  form,  as  was  done  by  ]\Ir. 
Hazen  at  St.  Louis,  and  by  ^Ir.  Weston  at  New  Orleans,  to  prepare 
the  water  for  the  filtration  by  the  slow  sand  process. 

Slow  sand  filters,  I  want  to  say.  are  nothing  new.  They  have 
been  abundantly  successful  in  Europe,  and  in  this  country  where 
the  water  to  be  filtered  was  adapted  to  them,  but  they  have  thus 
far  hcQu  inoperative  upon  the  Mississippi  River,  for  reasons  I  have 
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endeavored  to  make  clear,  and  hence  it  is  unnecessary  for  me  to 
dwell  longer  upon  them. 

4.  The  fourth  and  last  method,  which  has  found  extended  and 
successful  application  upon  the  Mississippi  River,  is  that  of  me- 
chanical filtration.  It  is  unnecessary  to  enter  in  any  detail  into 
the  subject  of  mechanical  filtration  with  this  audience,  as  you  are 
all  undoubtedly  familiar  in  a  general  way  with  its  principles. 
Mechanical  filtration  is  applicable  to  almost  any  natural  water 
provided  that  water  carries  in  solution  certain  amounts  of  dis- 
solved salts.  It  depends  primarily  upon  the  presence  of  dissolved 
alkali  in  the  natural  water  which  can  react  upon  materials  added 
during  the  process.  With  the  waters  of  the  Mississippi  Valley 
the  alkali  most  commonly  present  is  lime  or  magnesia,  and  the 
substance  most  commonly  added  is  alum,  or,  more  properly, 
aluminium  sulphate,  which  in  contact  with  the  alkali  contained 
in  the  water  unites  with  it  and  forms  an  insoluble  compound, 
aluminium  hydroxide,  which  in  turn  acts  upon  the  silt  and  other 
materials  contained  in  the  water  so  that  they  can  be  removed. 
The  following  alternate  chemical  equations  express  something 
of  what  happens. 

Al2(SO,)3  +  3  H„Ca(CO0..  =  2  A1(0H)3  +  SCaSO^  +  6  CO, 
(Mg)  (Mg) 

(2  Na)  (2  Na) 

AL(S0,)3  +  SCaCO,  +  3  H.O(  +  XCOo)  = 
(Mg) 
(2  Na) 
2A1(0H)3  +  3CaS(),  +  3C0,(  +  XC0,) 
(Mg) 
(2  Na) 

By  the  chemical  reaction  of  the  alkali  dissolved  in  the  water 
and  the  added  alum,  aluminium  hydroxide  is  formed,  and  this 
being  insoluble  in  water  serves  to  entangle  and  ball  together  in  a 
mechanical  fashion,  or  as  we  say,  "  coagulate,"  these  particles 
of  silt.  A  point  for  future  investigation  is  that  this  aluminium 
hydroxide  separates  out  in  what  is  known  as  the  colloidal  condi- 
tion, which  appears  to  exert  a  remarkable  influence  upon  micro- 
organisms and  the  bacteria  contained  in  the  water,  fixing  and 
removing  them  with  the  silt  and  other  suspended  matters.  This 
is  particularly  true  of  certain  other  metals,  and  will  be  the  subject 
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of  interesting  future  study  bj^  those  who  have  to  do  with  the  puri- 
fication of  our  water  suppHes. 

The  amount  of  ahim  which  must  be  added  to  give  maximum 
efficiency  of  purification  is  a  matter  purely  of  experiment,  at 
particular  points  where  plants  are  to  be  installed.  It  is  necessary 
only  to  refer  to  the  brilliant  experimental  work  done  in  these 
later  years  by  Mr,  E.  B.  Weston  at  Providence,  Mr.  George  W. 
Fuller  at  Louisville,  Mr.  Allen  Hazen  at  Pittsburg,  and  by  Mr. 
Robert  S.  Weston  at  New  Orleans  upon  the  problem  of  the  amount 
of  material  which  shall  be  added  in  order  to  purify  the  river 
water,  to  indicate  the  extent  to  which  such  investigations  must  be 
carried. 

The  problem  of  properly  purifying  the  water  of  the  Mississippi 
River,  of  such  high  color  and  heavy  burden  of  silt,  contaminated 
also  with  industrial  waste  and  municipal  sewage,  is  a  most  com- 
plicated one.  Where  demand  for  purification  of  the  water  has 
arisen,  it  has  been  met  most  satisfactorily  thus  far,  by  the  installa- 
tion of  plants  of  the  mechanical  type.  At  present  there  are  at 
least  ten  important  points  on  the  river  where  the  waters  are  thus 
filtered  and  purified.  The  plants  differ  somewhat  in  construction 
and  efficiency,  but  in  the  main  the  general  type  of  construction 
is  the  same.  At  some  plants  the  filters  are  of  the  gravity  type; 
at  others,  of  the  pressure  type;  while  at  Moline,  the  most  recent 
plant  installed  upon  the  river,  the  construction  is  of  solid  concrete 
masonry  throughout. 

The  filter  plant  at  D^h'enport  la.,  is  the  one  with  which  I  am 
most  familiar.  The  plant  is  of  the  type  known  as  pressure 
filters,  and  consists  of  ten  cylinders,  resembling  large  boilers, 
each  cylinder  divided  into  three  compartments.  In  each  com- 
partment there  is  placed  about  sixty  inches  of  sand,  the  sand 
used  being  that  from  near  Red  Wing,  Minn.  As  you  will  note, 
the  sand  is  washed  by  a  current  of  water  issuing  from  the  set  of 
arms,  which  can  1)e  raised  and  lowered  through  the  sand  Ijed  by 
hydraulic  pressure.  During  the  process  of  washing,  the  materials 
which  have  accumulated  upon  the  surface  of  the  sand  bed,  or 
have  penetrated  more  deeply  into  the  bed  itself,  are  carried  away 
by  the  constant  stream  of  water  through  the  sewer  pipes,  dis- 
charging into  the  river  below  the  intake. 
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Alum  is  used  as  a  coagulant,  it  having  l)epn  found  to  be  the  most 
satisfactory  material  to  use  with  the  rather  high  color  content 
of  the  river  water  at  this  point. 

It  is  interesting  to  note  the  difference  in  bacterial  content 
between  the  water  taken  from  the  channel  of  the  river  and  water 
taken  more  near  shore,  as  is  found  by  comparing  results  of  the 
plant  at  Davenport  and  the  plant  at  Moline,  which  takes  its  water 
nearer  shore,  a  short  distance  above. 

As  compared  with  the  best  results  obtained  elsewhere,  with 
mechanical  filters,  as  at  Lorain,  Ohio,  and  Little  Falls,  N.  J., 
they  compare  most  favorably.  Also  the  results  will  be  found  to 
compare  most  favorably  with  those  obtained  by  the  process  of 
slow  sand  filtration,  as  at  Ashland,  Wis.;  Lawrence,  Mass.;  Albany, 
N.  Y.;  London,  England;  and  Altona,  Germany. 

The  use  of  materials  other  than  alum  has  been  advocated  in 
connection  with  the  Mississippi  River  water,  in  particular  the 
use  of  iron  sulphate  and  lime.  At  Quincy,  111.,  the  introduction 
of  the  so-called  iron-lime  process  has  l^een  found  to  be  fairly 
satisfactory,  but  at  Moline,  111.,  during  a  test  run  covering  a  period 
of  sixty  days,  during  May  and  June,  1904,  it  was  found  that  the 
process  was  less  satisfactory  than  alum,  especially  in  removal  of 
the  color  of  the  water  due  to  dissolved  materials. 

The  subject  of  the  Mississippi  River  as  the  source  of  water  sup- 
ph'  for  the  inhabitants  of  the  ]\Iississippi  Valley  was  chosen  for 
this  occasion  because  of  the  tremendous  significanee  of  the  water 
supply  of  the  Mississippi  Valley  of  the  present  and  the  future 
affecting  so  vitally  such  an  immense  population.  If  you  will 
study  the  last  census  reports  you  will  be  astonished  to  find  how 
vast  a  population  to-day  takes  its  water  supply  —  being  fairly 
forced  to  take  it  by  the  very  nature  of  the  adjoining  country  — 
from  this  great  open  sewer,  polluted  by  the  refuse  from  the  cities 
above.  A  little  computation  will  show  you  that  above  the  city 
of  St.  Louis  there  is  the  waste  from  a  population  of  fully  a  million 
and  a  half  of  population,  that  from  the  ^lissouri  there  is  the  waste 
of  half  a  million  population,  from  the  Illinois  River  the  waste  from 
a  population  of  two  millions,  from  the  Ohio  River  of  a  population 
of  a  million  and  a  half,  and  below  St.  Louis  a  half  a  million,  making 
a  total  of  upwards  of  six  millions  at  the  present  time  whose  waste 


230  MISSISSIPPI    RIVER    AS   SOURCE   OF   WATER    SUPPLY. 

is  draining  into  ■what  must  be  the  water  supply  for  the  whole 
lower  valley. 

And  what  of  the  future  of  this  population?  A  very  inge- 
nious scheme  is  one  found  in  the  St.  Louis  water  reports  in  which 
they  have  plotted  out  the  results  contained  in  census  reports  for 
fifty  years.  From  the  plotting  you  see  how  the  city  of  New  York 
is  growing,  how  in  the  city  of  Philadelphia  and  the  city  of  Chicago 
the  population  curve  is  rising  rapidly;  that  of  the  city  of  St.  Louis 
rising  almost  as  rapidly,  the  city  of  Cincinnati  on  a  steady  increase, 
the  city  of  New  Orleans  on  a  steady  increase.  Gentlemen,  what 
will  fifty  years  more  show  in  the  cases  of  the  cities  of  the  Missis- 
sippi Valley,  providing  the  rate  of  increase  continues  during  the 
next  fifty  years  as  it  has  through  the  last  fift}'?  Who  can  foretell 
how  vast  is  the  population  bound  to  come  into  the  Mississippi 
River  valley,  and  which,  if  present  conditions  continue,  will  dis- 
charge its  waste  into  the  river,  each  city  thus  becoming  a  polluting 
agency  to  the  water  below? 

There  are  at  present  upon  the  Mississippi  River  proper  25 
public  water  supplies,  of  which  number  16  are  under  private 
administration  and  9  under  public  administration.  Where  water 
is  supplied  under  private  administration  11  supplies  are  filtered 
and  5  are  unfiltered.  The  population  supplied  with  filtered  water 
under  private  administration  is  192  000  and  with  unfiltered  water 
43  000,  or  a  total  of  235  000.  Of  the  supplies  under  public  ad- 
ministration there  are  only  two  which  furnish  filtered  water;  one 
of  those,  at  Rock  Island,  is  of  c^uestionable  efficiency,  and  the 
other,  at  Moline,  has  just  been  installed.  The  population  sup- 
plied with  filtered  water  under  public  administration  is  33  000; 
the  population  supplied  with  unfiltered  water  is  1  117  000. 

In  closing,  I  must  only  add  that  the  one  particular  subject  I 
wished  to  interest  you  in  to-day  is  that  of  the  preservation  of  the 
jjurity  of  our  great  natural  water  courses.  The  Mississippi  River 
is  the  most  striking  example  this  country  affords  of  the  abuses  to 
which  a  natural  water  course  is  subjected.  Whatever  force  there 
may  be  to  the  argmiient  for  the  self-purification  of  running  streams, 
in  the  efficiency  of  systems  of  purification  by  sedimentation  and 
filtration  installed  for  the  protection  of  the  public,  the  fact  re- 
mains that  waters  which  from  the  very  conditions  of  environment 
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must  be  taken  as  the  normal  food  supply  of  the  people  should 
not  at  the  same  time  be  made  the  carriers  of  sewage  and  waste 
of  a  great  and  rapidly  growing  population.  All  principles  of  san- 
itary science  are  against  such  a  course,  and  the  esthetic  nature 
revolts  at  the  idea.  The  fullest  protection  to  the  public  possible 
against  such  procedure  is  the  problem  which  I  want  to  interest 
you  in,  and  in  closing  I  wish  once  more  to  raise  a  protest  against 
the  present  needless,  not  to  call  it  criminal,  proceeding  of  our 
inland  American  cities,  whereby  the  waste  is  thrown  out  into  the 
rivers  to  be  washed  down  the  stream,  without  any  interposition 
by  the  state  or  national  government  to  protect  the  lives  and 
health  of  its  citizens.  This,  gentlemen,  is  a  problem  to  which 
water-works  engineers  and  water-works  managers,  not  to  speak 
of  the  public  at  large,  ought  to  give  their  time  and  study  and  their 
best    ability. 

The  President.  We  should  be  glad  to  hear  further  on  this 
subject  from  Mr.  Fuller. 

Mr.  George  W.  Fuller.  I  wish  to  express  my  appreciation 
of  the  admirable  way  in  which  Professor  Smith  has  set  forth  the 
general  features  of  the  problem  in  the  Mississippi  Valley.  I  think 
he  has  put  before  you  its  salient  features,  and  I  wish  to  subscribe 
to  his  closing  sentiment.  His  statement  of  the  case  has  been  very 
clear,  and  I  will  not  attempt  at  this  late  hour  to  go  into  any  further 
details.  I  will  merely  say  again  that  I  think  his  view  is  thoroughly 
sound  and  correct,  and  I  am  happy  to  endorse  it. 
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March  Meeting. 

Hotel  Brunswick, 
Boston,   Mass.,   March  8,    1905. 
President  George  Bowers  in  the  chair. 
The  following  members  and  guests  were  present: 

Members. 
y.  A.  Agiiew,  F.  E.  Appleton,  Edward  Atkinson,  C.  H.  Baldwin,  L.  M. 
Bancroft,  F.  D.  Berry,  J.  F.  Bigelow,  J.  M.  Birmingham,  George  Bowers, 
Dexter  Brackett,  E.  C.  Brooks,  G.  A.  P.  Bucknani,  James  Burnie,  J.  C.  Chase, 
H.  W.  Clark,  F.  C.  Coffin,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  W.  R.  Conard, 
B.  I.  Cook,  J.  W.  Crawford,  E.  D.  Eldredge,  August  Fels,  C.  R.  Felton,  F.  L. 
Fuller,  G.  W.  Fuller,  J.  C.  Gilbert,  A.  S.  Glover,  F.  W.  Gow,  R.  A.  Hale, 
J.  O.  Hall,  J.  C.  Hammond,  Jr.,  J.  D.  Hardy,  T.  G.  Hazard,  Jr.,  D.  A. 
Heffernan,  B.  E.  Helme,  H.  G.  Holden,  H.  R.  Johnson,  W.  S.  Johnson,  E.  W. 
Kent,  Willard  Kent,  G.  A.  King,  L.  P.  Kinnicutt,  J.  W.  Locke,  E.  E.  Loch- 
ridge,  S.  H.  McKenzie,  Hugh  McLean,  H.  V.  Macksey,  A.  E.  Martin,  W.  E. 
Maybury,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller,  F.  L.  Northrop, 
Dwight  Porter,  J.  B.  Putnam,  W.  H.  Richards,  W.  W.  Robertson,  A.  T.  Saf- 
ford,  E.  G.  Smith,  J.  T.  Stevens,  T.  V.  Sullivan,  W.  F.  Sullivan,  R.  J.  Thomas, 
W.  H.  Thomas,  J.  L.  Tighe,  D.  N.  Tower,  W.  H.  Vaughn,  R.  S.  Weston, 
G.  E.  Wilde,  F.  B.  Wilkins,  C.-E.  A.  Winslow,  G.  E.  Winslow,  F.  E.  Winsor, 
E.  T.  Wiswall,  E.  Worthington,  Jr.  —  76. 

HoNOKARY  Members. 
Win.  T.  Sedgwick,  F.  W.  Shepperd.  —  2. 

AsSOCI.\TES. 

Ashton  Valve  Co.,  by  Harry  H.  Ashton;  Harold  L.  Bond  &  Co.,  by  Harold 
L.  Bond;  J.  B.  Campbell  Brass  Works,  by  W.  R.  Darrow;  Coffin  Valve  Co., 
Co.,  by  H.  L.  Weston;  H.  A.  Desper;  Wm.  H.  Galli.son  Co.,  by  X.  E.  Stilphen; 
Wm.  H.  Greenwood;  Her.sej'  Mfg.  Co.,  by  Albert  S.  Glover,  J.  A.  Tilden,  H. 
D.  Winton,  W.  A.  Hersey;  Kennedy  Valve  Co.,  by  M.J.  Brosnan;  H.  ]\Iueller 
Mfg.  Co.,  by  W.  L.  Dickel;  National  Meter  Co.,  by  Chas.  H.  Bald^vnn,  J.  G. 
Ltifkin;  Pcrrin,  Seamans  it  Co.,  by  James  C.  Campbell;  Rensselaer  Mfg. 
Co.,  by  F.  S.  Bates;   A.  P.  Smith  Mfg.  Co.,   by  F.  N.  Whitcomb;   Sumner  & 
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Goodwin  Co.,  by  H.  A.  Gorhain;  Union  Water  Meter  Co.,  I)y  Edward  P. 
King,  W.  F.  Hogan,  F.  L.  Northrop;  tlie  Piatt  Iron  Works  Co.,  by  F.  H. 
Hayes.  — 23. 

Guests. 

Frank  L.  Weaver  and  M.  J.  Dowd,  water  comniis.sioners,  Lowell,  Mass.; 
Thomas  Moynihan  and  Patrick  J.  B.  Sullivan  and  M.  J.  Doyle,  Holyoke, 
Mass.;  C.  B.  Cummings,  H.  A.  Monk,  Braintree,  Ma.ss.;  F.  W.  Dinwiddle, 
water  registrar,  Gardner,  Mass.;  Wm.  French,  Worcester,  Mass.;  M.  O. 
Leighton,  chief  division  of  hj'dro-economics  U.  S.  Geological  Survey,  W^ash- 
ington,  D.  C;  Theodore  Moorehead,  Chinese  government  service,  Shanghai, 
China;    Edw.  H.  Keith,  mayor,  Brockton,  Mass. —  12. 

[Names  counted  twice  —  3.] 

The  following  were  elected  to  membership: 

Resident. — Michael  J.  Doyle,  Holyoke,  Mass.,  water  commis- 
sioner; W.  B;  Claflin,  Jr.,  Hopkinton,  Mass.,  water  commissioner 
and  superintendent  of  the  Hopkinton  Works;  Irving  S.  Wood, 
Providence,  R.  I.,  assistant  engineer  in  charge  of  water  depart- 
ment of  the  city  engineer's  office,  Providence,  R.  I. 

Non-Resident.  —  H.  E.  Jordan,  Indianapolis,  Ind.,  bacteriolo- 
gist and  chemist  to  the  Indianapolis  Water  Company;  Marshall 
0.  Leighton,  U.  S.  Geological  Survey,  Washington,  D.  C. 

The  Secretary  read  the  proposed  change  of  by-laws,  as 
follows : 

That  Sect.  1,  Article  III,  be  amended  by  the  addition  of  the  following 
clause:  "All  applications  for  membership  presented  to  the  Association  for 
action  must  be  accompanied  by  the  proper  initiation  fee  and  dues  for  whole 
or  fractional  part  of  current  A^ear  in  which  application  is  presented." 

That  Sect.  5,  Article  III,  be  amended  to  read:  "  The  annual  membership 
dues  shall  be  paA'able  in  advance  on  the  date  of  the  Annual  Meeting  in  Jan- 
uary. At  the  expiration  of  ten  months  after  the  Annual  Meeting,  the  Secre- 
tary shall  notify  each  member  who  has  not  paid  his  dues  for  the  current  year, 
that  unless  the  same  are  paid  wdthin  thirty  days,  his  membership  in  the 
Association  shall  cease;  and  if  said  dues  are  not  paid  within  said  period, 
the  Secretary'  shall  drop  the  name  of  said  member  from  the  membership 
roll.  The  Executive  Committee  may,  however,  at  its  discretion,  reinstate 
said  person  on  the  pa^Tiient  of  all  arrears." 

That  Sect.  4,  Article  VI,  be  amended  by  the  addition  of  the  following  clause : 
"  He  shall  deposit  all  funds  received  in  .such  place  of  deposit  as  may  be 
approved  by  the  Executive  Committee.  All  orders  for  withdrawal  of  funds 
and  checks  for  disbursements  shall  be  signed  by  the  Treasurer  and  counter- 
signed bv  the  Presid(>nt." 
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]\Ir.  Uhxtek  Brackett.  Before  a  vote  is  taken,.  I  should  like 
to  have  some  one  explain  the  reason  for  the  amendment  to  Sec- 
tion 1,  Article  III. 

Mr.  R.  C.  p.  Coggeshall.  In  relation  to  that  I  will  say  that 
the  auditing  committee,  Mr.  Robertson  and  myself,  when  we 
examined  the  books  and  accounts,  were  impressed  with  the  fact 
that  quite  a  number  of  members  have  been  elected  for  two  years 
and  have  never  paid  their  initiation  fee  or  their  dues.  Under 
the  by-laws  of  the  Association  that  was  possible,  for  if  they  did 
not  pay,  they  could  not  be  dropped  until  the  end  of  two  years.* 
Now  it  seemed  to  us  that  if  any  one  thought  it  was  worth  while 
to  become  a  member  of  this  Association,  it  was  no  more  than 
right  that  he  should  do  what  is  required  by  other  associations  of 
a  similar  character,  and  that  is  when  he  presents  his  application 
for  membership  present  his  initiation  fee  with  it. 

Mr.  Brackett.  I  am  very  sorry  to  disagree  with  my  friend 
Mr.  Coggeshall,  but  it  does  not  seem  to  me  that  it  is  necessary  to 
require  an  applicant  for  admission  to  the  Association  to  send 
with  his  application  the  money  with  which  to  pay  his  initiation 
fee.  I  am  sorry  to  hear  that  any  one  who  has  been  elected  a 
member  has  not  thought  it  advisable  after  that  to  pay  his  initia- 
tion fee,  and  at  least  one  year's  assessment;  but  I  had  supposed 
that  a  man  was  not  a  member  until  he  had  paid  his  initiation,  and 
I  should  certainly  be  in  favor,  if  the  constitution  does  not  so 
provide,  of  an  amendment  to  it  to  that  effect.  The  next  amend- 
ment, that  to  Section  5,  provides  that  a  person  can  be  dropped  at 
the  end  of  the  year,  so  he  wouldn't  be  a  member  any  longer  than 
that  anyway;  and  it  doesn't  seem  to  me  it  is  desirable  to  have  a 
clause  in  the  constitution  in  the  form  proposed.  I  do  not  think 
it  looks  well.     I  may  be  wrong  about  it,  but  that  is  the  way  I  feel. 

The   President.     Will  you  suggest  any   amendment? 

Mr.  John  C.  Chase.  With  all  deference  to  Mr.  Coggeshall, 
I  think  his  view  in  relation  to  presenting  the  initiation  fee  with 
the  application  does  not  apply  to  societies  of  this  sort,  although 
it  does  apply  to  a  very  large  number  of  other  societies.  I  think 
that,  as  Mr.  Brackett  has  suggested,  if  the  constitution  could  be 

*  A  person  elected  did  not,  however,  become  a  member  until  he  paid  the  fees  and  signed 
the  constitution. — Editor. 
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amended  so  as  to  specify  that  membership  should  not  be  effective 
until  after  the  initiation  fee  is  paid,  that  would  cure  ^\\q  diffi- 
culty which  now  seems  to  exist. 

Mr.  Brackett.  As  I  do  not  suppose  this  is  a  matter  which 
needs  to  be  rushed  through,  I  would  move  that  the  matter  be 
laid  upon  the  table  until  the  next  meeting  and  possibly  it  can  be 
arranged  in  the  meantime  in  some  different  form. 

Mr.  W.  W.  Robertson.  I  should  prefer  that  the  matter  be 
acted  upon  now,  and  either  an  amendment  made  to  the  amend- 
ment as  proposed,  or  else  a  vote  taken  upon  the  amendment  as  it 
stands,  because  the  next  meeting  is  some  way  off,  pretty  well 
toward  the  beginning  of  another  year.  As  members  of  the 
Auditing  Committee,  we  took  it  upon  ourselves  to  look  over  the 
membership  roll,  and  we  found  such  a  condition  existing  that 
we  thought  something  should  be  done;  and  although  this  may 
appear  a  little  radical,  yet  at  the  same  time  I  think  the  action  is 
perfectly  justified.  If  there  is  any  way  of  accomplishing  the 
desired  result  in  a  milder  way  I  should  be  satisfied  as  one  of  the 
committee,  but  I  think  the  matter  should  be  acted  upon  now 
instead  of  later. 

Mr.  J.  C.  Hammond,  Jr.  I  am  in  favor  of  the  amendment  as 
proposed  by  the  Conunittee.  It  is  no  cheap  thing  to  become  a 
member  of  this  Association,  and  I  think  it  is  well  to  put  on  the 
bill,  "  Cash  on  Delivery." 

Mr.  Brackett's  motion  to  postpone  the  consideration  of  the 
amendment  to  Section  1,  Article  III,  was  lost. 

The  amendments  as  read  were  then  severally  adopted. 

The  first  paper  of  the  afternoon  was  by  ^Ir.  William  F.  Sullivan, 
assistant  engineer,  Lowell,  Mass.,  his  subject  being:  ''  Test  of 
Large  dieters  and  Fire  Supply  Devices."  Mr.  Edward  Atkinson 
discussed  the  matter  from  the  fire  underwriters'  standpoint,  and 
further  discussion  was  postponed  until  the  next  meeting. 

Prof.  Erastus  G.  Smith  of  Beloit  College,  Beloit,  Wis.,  gave  an 
address  on  "  The  Mississippi  River  as  the  Source  of  Water  Supply 
for  the  Inhabitants  of  the  ^lississippi  Valley."  His  remarks 
were  illustrated  by  a  large  number  of  stereopticon  views. 

Professor  Sedgwick  of  the  Institute  of  Technology  was  on  the 
program  to  speak  on   "  The  Chicago-St.  Louis  Drainage   Canal 
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Case/'  and  Mr.  C.-E.  A.  Winslow,  instructor  in  sanitar}'  bacteri- 
ology at  the  Institute  of  Technology,  it  had  been  announced, 
would  describe  "  A  Visit  to  Some  Interesting  Municipal  Water 
Filters  now  under  Construction."  Owing  to  the  lateness  of  the 
hour,  they  asked,  through  the  President,  to  be  excused,  and  they 
will  present  their  papers  at  the  first  meeting  in  November. 

The  report  of  the  Meter  Rates  Committee  being  in  order,  Mr. 
Freeman  C.  Coflin,  chairman  of  the  committee,  said:  "  It  is  so 
late  now  that  while  the  committee  have  their  report  ready,  it 
seems  to  me  it  might  be  wise  to  read  it  by  its  title,  and  then 
advance  copies  can  be  printed  and  sent  to  the  members  of  the 
Association,  so  that  they  will  be  prepared  to  discuss  it  at  the  next 
meeting." 

On  motion  it  was  so  voted. 

Adjourned. 
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MEETINGS  OF  THE  EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  March  S,  1905,  at  headquarters,  Tremont  Tem- 
ple, at  11.30  A.M. 

Present:  President  George  Bowers,  and  ^lessrs.  Lewis  M.  Ban- 
croft, Frank  E.  Merrill,  Robert  J.  Thomas,  Frederick  W.  Gow, 
Edmund  W.  Kent,  James  L.  Tighe,  and  Willard  Kent. 

The  following-named  applications  for  membership  were  re- 
ceived, and  it  was  voted  to  recommend  the  same  to  the  Associa- 
tion for  election  to  membership: 

As  Members.  —  W.  B.  Claflin,  Jr.,  water  commissioner  and 
superintendent  water  works,  Hopkinton,  Mass.;  Irving  S.  Wood, 
assistant  engineer  in  charge  of  water  department  of  city  engineer's 
office.  Providence,  R.  I.;  Michael  J.  Doyle,  water  commissioner, 
Holyoke,  ^lass.;  H.  E.  Jordan,  chemist  and  bacteriologist,  water 
company,  Indianapolis,  Inch;  Marshall  O.  Leighton,  chief  division 
of  hydro-economics,  U.  8.  Geological  Survey,  Washington,  D.  C. 

Mr.  Kent,  for  the  Committee  on  Treasurer's  Bond,  reported 
that  the  Treasurer  has  presented  a  guarantee  bond  of  the  Fidelity 
Trust  and  Deposit  Company  of  Maryland  for  five  thousand 
dollars,  whereupon  it  was  voted:  That  said  bond  be  accepted 
and  filed  with  the  Secretary. 

Voted:  That  the  People's  Institution  for  Savings  of  Worcester, 
Mass.,  the  Mechanics'  Savings  Bank  of  Reading,  ]\Iass.,  and  the 
First  National  Bank  of  Reading,  Mass.,  be  approved  as  places 
of  deposit  for  the  funds  of  the  New  England  Water  Works  Asso- 
ciation. 

Voted:  That  George  H.  Snell,  Frank  E.  Merrill,  and  Willard 
Kent  be  a  committee  to  make  arrangements  for  the  June  meeting 
of  the  Association. 

Adjourned. 

Attest:  Willard  Kent,  Secretary. 
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Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  May  17, 1905,  at  headquarters,  Tremont  Temple, 
Boston. 

Present:  President  George  Bowers,  Frank  A.  Andrews,  Freder- 
ick W.  Gow,  Edmund  W.  Kent,  James  L.  Tighe,  Robert  J.  Thomas, 
Willard  Kent,  Lewis  M.  Bancroft,  Charles  W.  Sherman,  George 
A.  Stacy,  Frank  E.  Merrill,  and  George  H.  Snell. 

Six  applications  for  membership  were  received  and  approved, 
viz.,  James  M.  Caird,  271  River  Street,  Troy,  N.  Y.;  Wallace 
Greenalch,  superintendent  Bureau  of  Water,  Albany,  N.  Y.; 
Theodore  A.  Leisen,  chief  engineer  Water  Department,  Wilming- 
ton, Del.;  William  W.  Locke,  sanitary  inspector,  Metropolitan 
Water  and  Sewerage  Board,  South  Framingham,  Mass. ;  Charles  H. 
Campbell,  superintendent  Water  Works,  Charlotte,  N.  C;  Luis 
Matamoros,  municipal  engineer,  San  Jose,  Costa  Rica,  Central 
America. 

Mr.  George  H.  Snell,  water  commissioner  of  Attleboro,  extended 
an  invitation  to  the  Association  to  visit  Attleboro  for  the  June 
outing,  to  inspect  the  reinforced  concrete  standpipe  now  in  process 
of  construction. 

On  motion  of  Mr.  Stacy,  it  was  voted:  That  Mr.  Snell's  invita- 
tion be  accepted. 

The  subject  of  headquarters  was  introduced  and  after  discus- 
sion it  was  voted:  That  the  President,  Editor,  and  Secretary  be 
a  committee  to  consider  the  subject  of  lease  of  rooms  and  to  report 
to  the  ICxecutive  Committee. 

The  subject  of  annual  convention  was  then  considered.  A  letter 
from  Mr.  Ha/en,  secretary  of  the  committee  to  make  arrange- 
ments for  same,  was  received  and  read,  and  Mr.  Thomas,  of  the 
committee,  made  an  interesting  report  of  the  progress  of  arrange- 
ments. 

Mr.  Merrill,  Committee  on  Transportation,  reported  arrange- 
ment of  fare  and  one-third  rates  for  excursion  to  New  York  via 
Hoosac  Tunnel  and  Hudson  River,  or  via  Fall  River. 

Adjourned. 

Attest :  Willard  Kent,  Secretary. 
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"  Cement  and  C'ouerete."  By  LouIh  Carlton  Sabin,  B.S.,  C.E.,  Assistant 
Engineer,  Engineer  Dept.,  U.  S.  Army,  M.  Am.  Soc.  C.  E.  Cloth,  6  x  9i  in., 
pp.  507  (incl.  11  pp.  of  Index),  161  tables.  McGraw  Publishing  Company, 
New  York.     Price,  $5.00. 

In  his  preface,  tlie  author  .says,  "  The  original  investigations  forming  the 
basis  of  the  work  were  made  in  connection  with  the  construction  of  the  Poe 
Lock  at  St.  Mary's  Falls  Canal,  Michigan."  "  When  not  otherwise  stated, 
the  tables  in  the  work  are  condensed  from  the  results  of  the  above-mentioned 
investigations.  In  supplementing  the  original  matter  much  use  has  been  made 
of  the  experiments  of  others." 

Part  I  contains  two  brief  chapters  defining  the  various  kinds  of  cement  and 
briefly  describing  the  methods  of  manufacture.  Part  II,  "Properties  of 
Cement  and  Methods  of  Testing,"  contains  122  pages.  Only  5  pages  are  de- 
voted to  "  Composition  and  Analy.sis,"  and  no  methods  of  making  analysis 
are  given.  The  physical  tests  are  discussed  in  considerable  detail,  but  the 
details  of  manipulation  of  the  tests  are  not  given.  Part  III,  "  The  Prepara- 
tion and  Properties  of  Mortar  and  Concrete,"  contains  186  pages,  and  is  cer- 
tainly one  of  the  best  a\'ailable  treatises  on  this  subject.  Some  data  of  actual 
cost  of  concrete  of  various  proportions  are  given,  and  the  effects  of  age,  of 
regaging,  of  frost,  and  of  the  admixture  of  various  substances  are  discussed 
in  considerable  detail.  142  pages  are  devoted  to  Part  IV,  "  Uses  of  Mortar 
and  Concrete,"  including  a  brief  chapter  on  reinforced  concrete.  Considering 
its  importance,  the  subject  of  Forms  receives  very  brief  treatment.  Most  or 
all  of  the  uses  of  concrete  are  described  in  more  or  less  detail  and  generally 
with  figures  of  cost  of  work  actually  constructed. 

As  a  whole,  this  book  is  very  satisfactory,  and  it  will  unquestionably  take 
place  as  a  standard  treatise  on  the  .subject. 
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COMPILED  BY  CHARLES  W.  SHERMAN,  EDITOR,  JOURNAL  OF  THE  NEW 
ENGLAND    WATER    WORKS   ASSOCIATION. 

The  following  tables  contain  more  or  le.ss  complete  statistics  for 
fort}' -seven  water  works,  which  have  u.sed,  more  or  less  closely, 
the  form  adopted  by  the  Association  for  summarizing  statistics. 
Some  of  these  works  report  under  very  few  of  the  headings  of  the 
summary. 

The  editor  has  made  no  attempt  to  compile  statistics  from 
water-works  reports  which  do  not  include  at  least  a  partial  sum- 
mary. Some  other  places  have,  no  doubt,  published  summaries, 
but  their  reports  have  not  been  available. 

The  report  of  the  Committee  on  Uniform  Statistics,  containing 
the  form  as  endorsed  for  use  in  the  1901  reports,  is  printed  on  page 
51  of  Vol.  XV  of  the  Journal  (March,  1902).  The  page  for 
Financial  Statistics  was  changed  by  vote  of  the  Association  in 
September,  1902,  as  reported  in  the  December,  1902,  Journal 
(Vol.  XVI,  p.  263).  Blank  forms  for  use  in  preparing  summaries 
are  printed  by  the  Association,  and  will  be  furnished  on  request. 

Previous  compilations  of  statistics  may  be  found  in  the  Jour- 
nal, as  follows: 

Statistics  for  Reference  to  Journal. 

1886 Vol.        I,  No.  4,  p.    29 

1887 Vol.      II,  No.  4,  p.    28 

1888  to  1892  inclusive Vol.  VII,  p.  225 
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Statistics  for  Reference  to  Journal. 

1893 Vol.    IX,  p.  127 

1894 Vol.    X,  p.  131 

1895-96 Vol.   XII,  p.  273 

1897-99 Vol.   XV,  p.  65 

1900 Vol.   XV,  p.  367 

1901  Vol.  XVI,  p.  223 

1902 Vol.  XVII,  p.  235 

1903 Vol.  XVIII,  p.  277 

In  the  various  tabulations,  statistics  are  given  for  the  following 
places  and  years: 

Place.  Yeir. 

Albany,  X.  Y 1900 

Andover,  Mass 1900 

Arlington,  Mass 1900,  1904 

Atlantic  City,  N.J 1898,  1900-04 

Attleboro,  Mass 1894-1904 

Bay  City,  Mich 1886-87,  1893-96,  1900-04 

Belmont,  Mass 1902-04 

Beverly,  Mass 1903 

Billerica,  Mass 1899-1904 

Boston,  Mass 1886-94,  1897,   1900,   1903 

Bridgeport,  Conn 1904 

Brockton,  Mass 1893-1904 

Burlington,  Vt 1886-1904 

Cambridge,  Mass 1900-04     ' 

Chelsea,  Mass 1900-04 

Cleveland,  Ohio 1902-04 

Concord,  N.  H 1895,  1898,  1900-04 

Dover,  N.  H 1900 

Erie,  Pa 1900 

Essex  Junction,  Vt 1900 

Fall  River,  Mass 1886-95,  1897-1904 

Fitchburg,  Mass 1886-92,  1894-1904 

Freeport,  Me 1901 

Geneva,  N.  Y 1900 

Haverhill,  Mass 1900,  1904 

Holyoke,  Mass 1886-92,  1897-98,  1900-04 

Hull,  England    1900 

Ipswich,  Mass 1900 

Keene,  N.  H 1899-1900,  1903-04 

Lawrence,  Mass 1902-04 

Leicester,  Mass 1900 

Leominster,  Mass 1900 

Lewiston,  Me 1900 
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Lowell,  Mass 1886,  1897-1904 

Lynn,  Mass 1888-98,  1900-04 

Madison,  Wis 1900,  1902-04 

:\Ianchester,  N.  H , 1900 

Marlborough,  Mass 1900,  1903-04 

Maynard,  Mass 1901-03 

Metropolitan  Water  Works,  Mass 1900-04 

Middleboro,  Mass 1895-1904 

Middletown,  Conn 1902 

Minneapolis,  Minn 1900-04 

Nantucket,  Mass 1900 

Nashua,  N.  H 1900,  1904 

New  Bedford,  Mass 1886-1904 

New  London,  Conn 1886-1904 

Newton,  Mass 1888-1904 

Norwich,  Conn 1901 

Oberlin,  Ohio 1893-1904 

Plymouth,  Mass 1886-1904 

Providence,  R.  1 1897-1904 

Quincy,  Mass 1893,  1900-01 

Reading,  Mass 1893,  1895-1904 

Reading,  Pa 1901-04 

Rochester,  N.  Y 1903 

St.  John,  N.  B 1902-03 

Salem,  Mass 1900 

Sandusky,  Ohio 1886 

Schenectady,  N.  Y 1886,  1900-01 

Somerville,  Mass 1900-04 

Springfield,  Mass 1886-1904 

Taunton,  Mass 1886-1904 

Toronto,  Canada    1893 

Trenton,  N.J 1886-87 

Troy,  N.  Y 1886,  1888-93,  1897-99 

Waitham,  Mass 1886-1904 

Ware,  Mass 1886,   1888-92,   1900-04 

Watertown,  Mass 1900 

Wellesley,  Mass 1888-93,  1898-1904 

Westerly,  R.  1 1902-04 

Whitman,  Mass 1897-1904 

WUmington,  Del 1900 

Winchendon,  Mass 1900-04 

Wobum,  Mass 1900-04 

AVoonsocket,  R.I 1886-1900,  1902-04 

Worcester,  Mass 1900 

Yonkers,  N.  Y 1893-96,  1900-04 
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TESTS   OF    LARGE    METERS  AXD   FIRE-SERVICE 
DEVICES. 

BY   WILLIAM    F.    SULLIVAN,   ASSISTANT    ENGINEER,   LOWELL,    MASS. 
[Read  March  S,   1903.] 

In  studying  the  water  statistics  of  large  cities  one  is  compelled 
to  ask  himself,  "  Where  does  the  water  go?  " 

No  particular  attention  was  given  to  answering  this  question 
until  the  advent  of  water  sanitation  or  until,  in  many  places,  the 
pvirification  of  a  water  supply,  or  new  sources  of  supply  became 
necessary,  with  consequent  increased  cost  of  maintenance.  The 
installation  of  more  expensive  systems  has  made  this  question, 
"  Where  does  the  water  go?  "  of  much  importance  to  water- 
works managers  and  water-works  people  generally.  They  have 
come  to  see  the  need  of  detecting  small  or  large  wastes.  The 
first  real  reform  in  this  direction  was  the  metering  of  house 
services. 

Cities  having  a  large  percentage  of  small  taps  metered  con- 
tinued to  find  a  discrepancy  between  the  water  recorded  and 
accounted  for  and  the  total  consumption.  This  being  a  fact,. the 
next  step  was  to  reach  beyond  the  house  meter  and  place  register- 
ing apparatus  on  small  and  large  taps,  effectually  narrow  up  the 
unrecorded  wastes  and  account  for  all  water  not  actually  regis- 
tered, thus  enabling  the  water  department  to  balance  the  outgo 
of  water  like  the  wares  in  any  well-regulated  business  house,  where 
it  is  realized  that  care  in  correcting  many  small  losses,  which  in 
the  aggregate  are  excessive,  will  tend  to  make  the  business  sure 
and  the  profits  larger  than  where  no  systematic  record  of  profit 
and  loss  is  kept. 

If  a  leak  in  a  house  service  or  street  main  is  reported  it  invari- 
ably arouses  immediate  action  on  the  part  of  the  management  to 
correct  the  defect;  if  the  same  management  is  reasonably  certain 
that  hidden  wastes  occur  on  fire-service  pipes,  so  called,  in  mill 
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3^ards,  into  drains,  under  canals  or  waterways,  in  some  cases  it 
requires  considerable  time  to  get  all  parties  concerned  interested 
and  the  wastes  stopped. 

This  condition  of  affairs  might  have  gone  on  indefinitely  but 
for  the  agitation  which  this  issue  has  brought  up  within  a  com- 
paratively short  time,  and  which  at  present  is  much  discussed 
among  the  water-works  fraternity,  underwriters,  and  fire  in- 
surance companies. 

The  main  question  appears  to  be,  "  Shall  all  taps  and  fire- 
service  connections  be  metered,  irrespective  of  size  or  condition?  " 

There  seems  to  be  no  disposition  to  object  to  the  placing  of 
meters  on  domestic,  manufacturing  or  miscellaneous  supplies, 
but  when  a  department  proposes  to  meter  a  fire  service  in  order 
to  determine  whether  there  are  leaks,  wastes,  or  the  surreptitious 
taking  of  water  a  protest  is  generally  entered  on  account  of  the 
possibility  of  such  action  retarding  the  flow  or  entirely  shutting 
off  the  supply  when  most  needed,  and,  incidentally,  on  the  part  of 
the  water  taker,  against  the  cost  of  such  meter. 

Lowell  is  a  manufacturing  and  industrial  city,  and  has  at  the 
present  time  the  following  number  of  fire  services:  1  1^-inch, 
19  2-inch,  48  4-inch,  42  6-inch,  9  8-inch,  2  10-inch,  3  12-inch,  a 
total  of  124.  Within  a  few  months  the  water-works  department 
has  discontinued  15  12-inch  and  2  8-inch  fire  services.  With 
only  one  fire  service  metered  (4-inch  Crown  meter),  almost  all 
information  is  lacking  in  regard  to  what  water  is  honestly  wasted 
by  curable  and  incurable  leaks,  or  what  is  dishonestly  taken  and 
used  by  interests  having  the  special  privilege  of  adequate  and 
copious  supplies,  in  some  cases  far  in  excess  of  other  concerns, 
which  in  many  instances  pay  as  much,  if  not  more,  for  the  main- 
tenance of  the  water-supply  system. 

If  these  particular  and  amply  supplied  corporations  or  individ- 
uals with  privileged  protection  are  willing  to  go  to  considerable 
expense  in  complying  with  underwriters'  demands  in  equipping 
their  plants  with  outside  and  inside  systems  of  fire  protection,  is  it 
too  much  to  have  water  departments  place  mechanical  watchmen 
and  detectors  on  the  pipe  lines  and  receive  compensation  for  all 
water  used  or  wasted  other  than  for  fire  fighting  needs?  Such  a 
request  from  a  water-works  view-point  seems  reasonable.      The 
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reply  from  the  underwriters  to  such  a  request  is,  generally.  "If 
you  place  positive  meters  on  fire  pipes  you  jeopardize  the  risk  in 
case  of  fire." 

If  that  is  so,  why  not  have  another  service  with  a  meter,  or  a 
battery  of  metered  services,  so  arranged  that  the  meters  will 
record  the  small  flows,  and  in  case  of  an  emergency  will  supply  the 
required  quantity,  and  by  so  doing  safeguard  the  interests  of  all 
parties  concerned?  Is  it  not  just  that  underwriters  should 
eliminate  this  apprehension  and  be  fair  to  those  who  are  willing 
to  provide  free  the  means  to  fight  their  greatest  foe? 

The  conditions  in  Lowell,  coupled  with  the  present  discussion 
on  private  fire  protection  and  detection  and  prevention  of  water 
waste,  influenced  the  Lowell  water  board,  after  careful  considera- 
tion, to  formulate  the  following  — 

REGULATIONS    GOVERNING   PRIVATE  FIRE-SERVICE  PIPES. 

First.  All  w^ater  for  fire-service  pipes  shall  be  metered;  meter 
to  be  furnished  and  set  by  city  at  the  owner's  expense.  Xo 
charge  shall  be  made,  however,  for  water  used  exclusively  for  the 
extinguishing  of  fires. 

Second.  All  main  pipes  for  fire  services  shall  be  furnished  and 
connected  by  the  city  at  the  expense  of  the  owner. 

Third.  Where  a  standpipe,  tank  or  cistern  is  used  it  shall  be 
constructed  in  such  a  manner  as  to  shield  and  protect  the  water 
from  all  possible  pollution. 

Fourth.  Provision  shall  be  made  in  its  construction  for  means 
of  access  to  the  interior  of  it  by  the  superintendent  or  other  agents 
of  the  water  department  for  the  purpose  of  inspection,  and  so  as 
to  allow  for  its  cleaning  as  required  by  the  water  department. 

Fifth.  It  shall  also  be  fitted  with  a  pipe  for  the  purpose  of 
drawing  off  all  the  water  at  such  intervals  as  required  by  the 
water  department. 

Sixth.  Said  draw-off  pijie  must  not  be  connected  with  a  sewer 
or  drain  in  a  wa}'  that  might  lead  to  the  contamination  of^the 
water  from  such  source. 

Seventh.  All  expenses  not  mentioned  herein  incurred  on  ac- 
count of  fire  services  shall  be  borne  by  the  corporation,  firra}or 
individual  owning  the  protected  premises. 

Eighth.  The  water  board  shall  have  the  power  from  time  to 
time  to  prescribe  whatever  other  rules  they  may  deem  necessary. 
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The  water  board,  having  determined  that  water  for  fire-service 
supplies  shall  be  metered,  decided  to  investigate  and  find,  if 
possible,  the  relative  merits  and  comparative  worth  of  different 
types  of  large  meters  or  devices,  with  respect  to  their  local  ap- 
plicability under  varying  conditions,  the  sensitiveness,  accuracy, 
and  loss  of  pressure  due  to  the  meter,  or  any  other  unusual  or 
special  characteristics,  either  favorable  or  unfavorable,  for  the 
uses  for  which  such  meters  were  designed;  to  determine  also  their 
reliability  as  detectors  of  small  or  large  wastes,  and  their  capa- 
bility of  passing  the  maximum  quantity  of  water  with  the  least 
retardation  consistent  with  the  type  of  meter;  to  endeavor  to 
find  a  meter  least  liable  to  clog  and  stop  when  most  needed  to 
perform  its  work,  to  obtain  a  meter  or  measuring  device  having 
the  essentials  of  simplicity,  solidity,  and  durability,  a  meter  that 
can  be  easily  inspected,  cleaned,  and  repaired;  in  short,  to  obtain 
the  information  necessary  to  guide  the  department  in  selecting 
the  meters  or  devices  suited  to  the  particular  work  required. 

The  available  data  was  not  sufficient  to  instruct  the  water 
board  or  property  owners  in  adopting  any  particular  type  of 
meter  or  device,  as  it  is  only  quite  recently,  probably  on  account 
of  the  discussion  among  M^ater- works  people  for  large-sized  meters, 
that  some  of  the  meter  companies  have  been  aroused  to  an  in- 
creased activity  and  consequent  keener  competition  in  the  manu- 
facture and  sale  of  large  meters. 

The  testing  of  small  or  house  meters  by  water  departments  has 
long  been  a  custom,  and  the  importance  and  necessity  of  such 
testing  should  make  it  as  unlimited  in  its  scope  as  is  the  law  of 
having  a  sealer  of  weights  and  measures  in  every  city  and  town 
to  examine  and  stamp  his  seal  of  approval  on  every  scale  and 
measure,  large  or  small,  within  his  jurisdiction. 

Then  why  do  water  departments  and  meter  manufacturers 
limit  testing  to  small  meters,  and  test  large  meters  on  small  flows 
only?  Is  it  not  of  equally  great  importance  where  large  meters 
are  needed  and  used  that  something  should  be  known  of  their 
performance  and  correctness,  and  that  they  should  not  be  pur- 
chased, accepted,  and  installed  on  mere  recommendation  of  a 
meter  manufacturer,  who  will  tell  you,  in  most  cases,  that  the 
large  meters  have  been  tested  on  small  flows,  and  the  meter  is 
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supposed  to  be  correct  for  larger  flows  because  it  is  a  larger  pattern 
of  the  smaller  models? 

Having  decided  to  get  at  the  facts,  our  superintendent,  Mr. 
R.  J.  Thomas,  invited  the  manufacturers  to  submit  different  types 
of  meters  and  devices  to  be  tested,  to  enable  us  to  observe 
their  action.  After  the  meters  were  delivered,  the  query  was, 
how  to  obtain  the  desired  information.  Lowell,  like  similar 
water  departments,  had  apparatus  and  facilities  for  testing  small 
meters,  and  large  meters  on  small  flows.  Not  having  better 
facilities  at  hand,  and  fully  understanding  that  such  tests  would 
be  incomplete  and  inconclusive,  we  decided,  for  a  more  com- 
])lete  test  with  the  facilities  at  hand,  to  vary  the  usual  test  cf 
separate  meters  by  connecting  them  in  series,  and  getting  the 
comparative  results. 

The  meters  were  set  on  the  basement  floor  and  near  the  small 
testing  rig.  The  water  for  the  tests  was  supplied  through  a  4-inch 
pipe  used  for  fire  service  and  testing  purposes,  and  fed  by  a 
6-inch  street  main,  about  25  feet  from  the  building,  the  street  main 
in  turn  being  supplied  from  a  12-inch  distribution  pipe  direct 
from  the  low-service  reservoir,  ensuring  a  constant  and  steady 
supply. 

The  first  arrangement,  or  condition  A  (as  shown,  Plate  I),  was 
made  up  of  three  current  meters,  a  6-incli  Crest,  6-inch  Gem  and 
6-inch  Torrent,  forming  the  letter  U.  On  the  outlet  side  was  placed 
a  6-inch  Tilden's  device  with  3-inch  Hersey  disc  meter  on  by-pass; 
from  the  outlet  end  of  this  device  a  4-inch  riser  was  run  to  the 
testing  apparatus  for  small  meters.  On  this  riser  was  tapped  a 
connection  for  supplying  the  shop  through  a  J-inch  Empire  meter 
with  water  for  ordinary  purposes,  such  as  the  intermittent  use  of 
water  for  two  sinks,  two  water-closets,  and  one  washstand.  During 
the  time  the  shop  was  getting  its  supply  from  this  source  the 
regular  service  supply  was  cut  off,  and  the  water  used  for  testing 
small  meters  at  the  weighing  tank  was  checked  and  recorded  by 
a  1-inch  Crown  meter.  As  the  test  proceeded  it  was  found  that 
the  3-inch  Hersey  disc  was  a  close  registering  meter  and  agreed 
with  the  amount  of  water  recorded  by  both  the  |-inch  Empire  and 
1-inch  Crown.  While  testing  the  current  meters  for  sensitiveness 
and  accuracy  on  different  sized  streams   through   the  multiple 
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Plw  showing  Arraxgemext  of  Meters  during  Comparative  Tests  of  1904. 


DIAGRAM    OF  RECORDED  FLOW 


seo  i^cf/s 


x.< 


SULLIVAN.  269 

)cl-  "nd  weighing  the  discharge  in  the  tank,  the  shop  was  supplied 

its  own  service. 

under  the  "  ordinary-use  "  test,  we  undertook  to  find  which 

tl      current  meters  would  show  the    largest   percentage   of 

iiisi'-ition    under    conditions    similar    to    those    met    with    in 

practice  where  water  is  used,  or  wasted  through  carelessness  or 

otherwise. 

On  testing  for  sensitiveness  on  1-16-inch  to  ^-inch  streams, 
requiring  considerable  time  for  the  registering  hands  to  make 
'  -implete  revolutions  on  the  dial,  so  as  to  eliminate  any  error  due 

the  adjustment  of  the  index  hands,  the  apparatus  could  be  set 

operation  and  allowed  to  run  unattended  for  hours  or  days,  and 

careful   timing,  gaging  of   discharges   before  and  after  each 

"st,  and  also  comparing  the  check  meters,  very  accurate  results 

re  obtained. 

Before  beginning  the  series  test  the  meters  were  thoroughly 
flushed  through  a  2-inch  opening;  the  first  meter  on  the  line 
failed  to  register;  an  inspection  showed  that  several  ounces  of 
.-.oft,  slimy  sediment  had  accumulated  on  the  working  parts  of  the 
meter,  but  this  was  considered  insufficient  to  derange  in  any  way 
^he  proper  w^orking  of  this  type  of. meter.  Shortly  before  the 
•leters  were  flushed  a  half-inch  hole  was  drilled  and  tapped  on 
let  side  of  meter  to  connect  pressure  gage,  care  being  used  that 
ijone  of  the  drillings  should  get  into  the  meter.  None  were  found 
at  the  time  the  meter  was  opened  and  examined.  This  failure 
to  record  brought  up  the  question,  —  Did  position  in  the  arrange- 
ment or  line  have  any  effect  on  registration?  Some  meter  men, 
owing  to  a  lack  of  better  information,  were  inclined  to  believe  it 
to  be  so. 

To  satisfy  some  of  the  meter  men  and  gather  information  on 
this  point,  a  new  arrangement  and  alignment  of  the  meters  was 
made,  the  meters  being  made  interchangeable  by  fitting  with 
nipples  and  uniform  flanges.  The  meters  were  then  successively 
tested  under  conditions  B,  C,  D,  E.     (See  Plates  I,  II,  III.) 

During  a  portion  of  the  test  under  condition  E,  it  was  found  that 
small  rates  of  flow  through  one  of  the  current  meters  did  not 
cause  any  movement  of  the  register  until  the  1-inch  stream  with 
sufficient  water  pressure  to  overcome  the  adhesion  set  it  in  motion. 
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We  tried  repeatedly  afterwards  to  obta'n  like  results  en  small 
streams,  but  on  each  occasion  the  meter  registered. 

After  obtaining  considerable  practical  information  with  the 
facilities  limited  to  a  2-inch  opening  on  the  multiple  cock,  inade- 
quate drainage  for  larger  flows  and  a  small  weighing  tank,  we 
fully  realized  that  to  make  more  complete  tests  some  other  arrange- 
ment would  be  necessary. 

Plates  I,  II,  and  III  show  the  different  arrangements  of  meters 
during  the  series  tests. 

On  Plate  IV  is  graphically  shown  the  average  recorded  flow  of 
the  meters  under  different  conditions  and  different  rates  of 
discharge. 

On  Plates  V,  VI,  and  VII  are  shown  in  tabulated  form  the 
results  of  the  comparative  tests  of  meters  connected  in  series. 

In  studying  the  best  methods  of  measuring  the  flow  of  water 
and  checking  the  registration  of  meters,  the  nozzle  seemed  to  be 
best  adapted  for  such  work  and  could  readily  be  employed  as  a 
practical  check  meter;  we  felt  fully  convinced  that  Mr.  John  R, 
Freeman's  experiments  with  nozzles  were  conclusive.  As  Mr. 
Freeman  says,  "The  nozzle  will,  I  think,  on  reflection,  be  granted 
to  be  the  most  portable  and  compact  gaging  apparatus  in  pro- 
portion to  its  capacity  which  has  ever  been  devised  for  such 
purposes." 

To  give  further  confidence  in  the  use  of  the  nozzles,  Mr.  Free- 
man asked  himself  the  question,  "  Is  any  accidental  variation  in 
method  of  setting  up  liable  to  introduce  a  change  of  rate  or  error 
in  its  indication  while  using  the  coefficient  as  previously  deter- 
mined once  for  all?  "  In  answer  to  his  own  question,  he  says. 
"  In  the  subsequent  use  of  this  particular  piece  of  apparatus,  we 
may  (if  our  pressure  gage  is  all  right  and  the  apparatus  set  up  in 
almost  any  reasonable  manner)  have  the  greatest  confidence  that 
the  error  of  any  series  of  measurements  would  not  exceed  one 
half  of  one  per  cent." 

The  expense  of  such  installation  is  not  prohibitive;  quoting 
Mr.  Frank  C.  Kimball,  "As  the  expense  of  installing  a  permanent 
testing  plant  for  large  meters  is  not  great,  comparatively  speaking, 
by  the  installation  of  such  testing  plants  in  several  of  the  larger 
cities  there  would  result,  in  our  opinion,  a  toning  up,  as  it  were,  of 
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the  meter  manufacturers  to  a  more  thorough  consideration  of  the 
requirements  of  both  water  departments  and  insurance  under- 
writers." 

To  successfully  establish  a  large  meter-testing  plant,  the  neces- 
sary requisites  are,  first,  an  abundant  water  supply;  second, 
readiness  for  rapid  drainage;  third,  suitable  apparatus. 

On  the  department's  premises  at  Lowell  we  found  two  places 
combining  the  first  two  requisites;  the  first  location  considered 
was  at  Station  2,  where  the  apparatus  could  be  erected  in  the  open, 
similar  to  the  one  installed  by  Mr.  Kimball  at  Knoxville,  Tenn., 
which  gave  such  excellent  results.  At  Lowell  this  arrangement 
would  have  the  disadvantage  of  being  serviceable  during  the 
warm  weather  only,  and  another  objection  was  that  this  station  is 
a  reserve  plant  and  consequently  the  apparatus  would  have  to  be 
housed  after  each  series  of  tests;  and  further,  notwithstanding 
that  water  is  cheap  to  the  department,  if  a  willful  waste  can  be 
avoided  it  is  in  line  of  economy.  The  second  place,  and  the  one 
selected,  was  in  the  engine-room  of  Station  1,  it  having,  in  our 
opinion,  all  the  requisites,  with  the  additional  advantages  of  being 
ready  for  use  at  any  or  all  times,  economy  of  water,  compactness, 
light,  heat,  pleasant  and  convenient  surroundings,  and  proximity 
to  water-works  repair  shop.  The  engine-room  being  large  and 
roomy,  we  selected  the  westerly  side  and  installed  what  is  prob- 
ably the  first  permanent  testing  plant,  of  its  kind,  for  large  meters. 

This  station  is  located  about  one-half  mile  from  the  low-service 
reservoir,  with  a  capacity  of  30  000  000  gallons,  supplying  the  city 
proper  through  a  30-inch  delivery  pipe;  branching  from  this  pipe, 
near  the  reservoir,  a  12-inch  distribution-pipe  line  runs  directly 
down  hill  and  into  the  basement  of  the  pumping-station,  there 
being  reduced  to  an  8-inch  pipe,  supplying  the  high-service  pump; 
an  8-inch  branch  was  cut  intothis  line  and  the  pipe  laid  under  the 
basement  floor  to  the  westerly  wall  of  the  station;  an  8-inch 
elbow  with  riser  extended  to  25  inches  above  engine-room  floor; 
another  8-inch  elbow  reducing  to  6-inch  pipe  with  a  6-inch  gate 
valve  controlling  the  inlet ;  from  this  valve  about  8  feet  of  6-inch 
wrought-iron  pipe  to  inlet  piezometer;  next  a  space  for  the  insertion 
of  any  size  meter  or  device  from  3  inches  to  12  inches,  the  meters 
being  swung  into  position  by  means  of  a  hoisting  rigging;  on  the 
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mitlet  flange  of  the  meter  another  piezometer  ring  was  attached, 
then  about  8  feet  more  of  wrought-iron  pipe  to  pressure  piezometer 
and  nozzles;  between  tlie  nozzles  and  meter  a  6-inch  valve  was 
sometimes  inserted  to  keep  the  apparatus  from  draining  and  at 
the  same  time  obtain  conditions  similar  to  what  is  often  found  in 
actual  use;  the  nozzles  discharged  through  a  sheet-iron  spatter 
box,  seven  and  one-half  feet  long,  into  and  against  a  24-inch  cast- 
iron  deflector  elbow  set  directly  over  the  pump  well;  this  deflector 
complies  with  the  second  requisite  for  testing,  readiness  for  rapid 
drainage,  without  discharging  or  wasting  into  the  open.  See 
Plates  VIII  and  XI. 

The  whole  apparatus  is  held  up  in  position  with  adjustable  braced 
wooden  chairs,  with  iron  clamps  holding  the  pipes  firmly  in  position 
without  undue  vibration.  Under  the  whole  string  of  pipe  and  ap- 
paratus is  placed  a  drainer  pan  to  catch  the  condensation,  drippings 
or  bleeding  of  the  line,  all  of  which  wastes  into  a  sewer  drain. 

To  obtain  nozzle  discharges,  the  methods  used  were  substan- 
tially those  given  by  Mr.  John  R.  Freeman  in  his  paper  on  "  Hy- 
draulics of  Fire  Streams,"  published  in  Vol.  XXI  of  "  Transactions 
of  the  American  Society  of  Civil  Engineers,"  and  those  in  his  j^aper 
on  "  The  Nozzle  as  an  Accurate  Water  Meter,"  in  "  Transactions 
of  the  American  Society  of  Civil  Engineers,"  Vol.  XXIV,  and 
from  methods  described  by  Mr.  Frank  C.  Kimball  in  his  paper 
before  this  Association,  September,  1903,  entitled,  "  Some  Six- 
Inch  Meter  Tests  and  How  They  were  Made."  * 

The  nozzles  used  ranged  in  size  of  orifice  from  ^  inch  to  4  inches 
and  were  made  by  the  Hersey  Manufacturing  Company,  and  con- 
structed in  accordance  with  the  requirements  from  experiments 
by  Mr.  Freeman. 

The  tests  for  small  flows,  that  is,  1-16-inch,  J-inch  and  j-inch 
streams,  were  determined  by  attaching  a  2-inch  gate  valve  on  end 
of  2-inch  nozzle  and  screwing  on  outlet  side  a  brass  cap  with 
circular  brass  disk,  having  a  "  standard  circular  orifice  with  sharp 
edges  ";  the  coefficients  for  these  discharges  were  determined  by 
experiment. 

The  water  pressure  was  measured  by  means  of  an  open  mercur}^ 
column  with  graduated  scale  reading  to  a  tenth  of  a  pound.     The 

*  Journal,  N.  E.  W.  W.  Ass'n.,  December,  1903,  Vol.  17,  p.  305. 
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Plate  XL 


Fig.   1.     Testixg  Apparatus 


Fig.   2.     Gholp  of  Adapteks. 


Plate  XII. 


LiG.   1.     GnoT'P  OF  Meters  to   be  Tested. 


Fig.  2.     {-ixch  Orifice  dischargixg  9.64  Gallons  per  Minute. 


Plate  XIII. 


Fig.   1.     i-ixcH  Nozzle  dlschargixg  56.8  Gallons  per  INIi.nute. 


Fig.  2.     l-i\cii  Nozzle  dischargixg  227  Gallons  per  Mlxute. 


Plate  XIV. 


Fig.   1.     2-iN-CH  Nozzle  dischargixg  S93  Gallons  per  Minute. 


Fig.   2.     4-inch  Nozzle  discharging   2  012  Gallons  per   Minute. 


Plate  XV 


E 


SULLIVAN.  273 

mercury  pot  was  one  of  the  regular  pattern,  having  a  small  glass 
window  in  the  side  permitting  a  comparison  of  the  zero  point  of 
scale  with  mercury  in  the  pot. 

For  measuring  the  retardation  or  loss  of  pressure  in  the  meters, 
a  mercury  U-gage,  placed  in  a  cabinet  and  fastened  to  the  wall, 
was  used.  The  arrangement  of  the  testing  apparatus  is  shown  in 
plan  and  elevation  on  Plate  VIII. 

To  facilitate  the  work  of  testing,  a  complete  collection  of  adapters 
was  procured,  including  different  lengths  of  6-inch  pipe  and 
nipples,  flanges  with  standard  drilling,  reducers,  expanders, 
valves,  etc.  By  the  use  of  these  adapters  any  machine  from 
3  inches  to  12  inches  can,  in  a  short  time,  be  inserted  in  the 
apparatus  ready  for  testing.     (Plate  XI,  Fig.  2.) 

The  following  is  a  list  of  adapters  employed: 

2  pieces  6-inch  wrought-iron  pipe,  8    feet  long. 


1  piece        ,, 

„     7i    „ 

1      „ 

,,     7      „       „ 

^           !}                       !) 

..     6      „       „ 

1 

4 

■■■         j;                  >} 

1 

3 

-•-            }}                       7> 

1 

o 

■■■       _M                 n 

•  •           —             *  1               •  ^ 

2  pieces      ,, 

„      1     foot     ., 

2 

,, 

,,     short  nipples. 

2  6-inch  x    3-inch  flanged  reducers. 

2  6-inch  x    4-inch 

,, 

2  6-inch  x    8-inch 

expanders. 

2  6-inch  x  10-inch 

^ , 

jj 

2  6-inch  x  12-inch 

[\ 

;? 

2  4-inch  flanged  elbows. 

2  6-inch         ,, 

J} 

2  6-inch  gate  valves. 

2  3-inch      „ 

1  2-inch  gate  valve. 

6  pairs  drilled  flanges. 

The  elevation  of  center  of  nozzles  was  39.6  feet  above  city^ 
datum;  the  level  of  high  water  in  the  reservoir  is  181.5  feet,  thus 
giving  a  static  head  of  141.9  feet,  or  a  pressure  of  about  61.4 
pounds.  Notwithstanding  that  the  12-inch  pipe  from  the  reservoir 
fed  several  laterals  of  the  supply  system,  the  pressures  given  by 
the  mercur}-  column  were  reasonably  free  from  fluctuations. 
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In  compiling  data  we  -were  enabled  to  obtain  easily  and  graphi- 
cally, for  purposes  of  comparison  during  each  series  of  tests,  the 
retardation  by  plotting  the  indicated  loss  of  pressure  on  square 
root  or  second-power  paper  from  plate  made  by  Mr.  J.  A.  Tilden, 
of  the  Hersey  Manufacturing  Company. 

In  finding  the  relation  or  difference  between  the  meters  and 
devices  tested  and  straight  plain  pipe,  the  space  usually  occupied 
by  the  meter  in  the  apparatus  was  fitted  with  a  3-foot  "  filling-in 
piece  "  of  6-inch  pipe.  Under  this  condition  the  quantity  of 
water  discharged  and  loss  of  head  were  obtained  by  the  use  of 
different  sized  nozzles,  thus  showing  the  available  delivery  and  loss 
of  pressure  or  friction  in  the  apparatus,  as  follows: 


TABLE  No.  1. 


Size  of  Nozzle 

Gallons  discharged 

Loss  of  Pressure 

or  Opening. 

per  Minute. 

in  Pounds. 

4-mch 

2  612 

0.8 

2     „ 

893 

0.1 

1     „ 

227 

0.0 

i    „ 

56.8 

0.0 

i    „ 

9.64 

0.0 

I    „ 

2.60 

0.0 

^    „ 

0.55 

0.0 

With  tests  under  similar  conditions,  the  above  table  permits 
a  comparison  of  flows  and  loss  of  pressure  between  the  meters 
and  devices  tested  and  the  maximum  discharge  and  minimum 
loss  of  pressure.  The  only  correction  necessar}-,  and  that  is  in- 
appreciable, is  for  the  difference  in  static  head  due  to  the  slightly 
varying  level  of  water  in  the  reservoir. 

The  following  brief  description  and  summary  of  the  meters 
tested  may  be  of  assistance  in  recognizing  the  functions  of  differ- 
ent types  of  meters  and  devices. 

Six-Inch  Crown  Meter,  with  fish  trap,  manufactured  by  the 
National  dieter  Company.  ''  The  Crown  is  a  rotaiy  piston  posi- 
tive displacement  meter";  the  smaller  sizes,  in  many  places, 
are  recognized  as  a  standard  for  accuracy  and  durability.  The 
maximum  capacity  of  this  meter  under  local  conditions  through  a 
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4-inch  nozzle  was  1  109  gallons  per  minute,  with  a  loss  of  pressure 
of  about  49  pounds;  the  sensitiveness  on  ^-inch  and  J-inch 
streams  was  91.5  per  cent.;  on  flows  from  56  to  1  109  gallons,  its 
accuracy  Avas  98.75  per  cent. 

Six-Inch  Nash  Meter,  special  pattern  with  fish  trap,  made  by 
the  National  Meter  Company.  The  Nash  is  of  the  disk  type, 
commonly  called  a  positive  meter.  The  disk  is  made  of  hard 
rubber,  reinforced  and  strengthened  with  metal.  While  flushing 
the  meter,  preliminary  to  the  test,  and  discharging  about  1  100 
gallons  per  minute,  or  22  per  cent,  more  than  its  rated  capacity^ 
the  disk  broke  into  six  pieces,  twisting  and  bending  the  metal 
reinforcement.  The  rated  capacity  of  the  meter  is  900  gallons. 
With  the  broken  disk  the  meter  discharged  840  gallons,  or  only  6.6 
per  cent,  less  than  the  rated  capacity.  After  removing  the  broken 
disk  it  was  found  that  the  capacity  of  the  case  was  1  540  gallons, 
with  a  loss  of  pressure  of  39  pounds. 

The  broken  disk  was  replaced  by  a  new  one  and  the  discharge 
limited  to  the  rated  capacity,  900  gallons.  With  this  flow  the  loss 
of  pressure  was  18.65  pounds.  For  accuracy  on  flows  of  56  gallons 
and  over,  this  meter  registered  about  99  per  cent. ;  on  discharges  of 
10  gallons,  about  91  per  cent.,  and  2^  gallons,  55  per  cent. 

Six-Inch  Union  Rotary  Piston  Meter,  manufactured  by  Union 
Water  Meter  Company,  of  Worcester.  This  meter  is  of  the  positive 
type,  and  has  been  well  and  favorably  known  by  water- works  people 
for  over  twenty -five  years.  "  The  meter  is  constructed  of  composi- 
tion and  consists  of  two  pistons  rotating  in  contact  with  each  other 
upon  vertical  axes  within  a  cylindrical  chamber,"  each  piston  in 
turn  being  impelled  by  the  elliptical  gearing.  This  meter  with 
double  screened  fish  trap  delivered  1  725  gallons  per  minute,  with 
a  loss  of  pressure  of  about  33  pounds.  Removing'  the  screens, 
the  delivery  was  1  930  gallons,  with  a  loss  of  25.75  pounds.  Test- 
ing this  meter  again,  by  replacing  the  coarse  strainer  wdth  an 
increased  number  of  j-inch  holes,  we  found  that  it  was  capable  of 
passing  1  840  gallons  per  minute,  with  a  loss  of  28.6  pounds.  This 
meter  is  large  and  bulky,  its  parts  are  solid  and  substantially 
made,  yet  a  remarkable  feature  of  this  weighty  machine  is  its 
ability  to  record  57.7  per  cent,  of  the  flow  on  ^--inch  streams,  while 
on  streams  above  j-inch  the  registration  was  about  100  per  cent. 
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This  meter  was  blocked  by  placing  a  small  wedge  between  one 
of  the  pistons  and  the  body  of  meter;  the  pistons  in  this  position 
allowed  825  gallons  to  slip  or  pass  through  the  meter,  with  an 
estimated  loss  of  pressure  of  over  50  pounds. 

Six-Inch  Ilersey  Torrent  Meier,  with  fish  trap,  manufactured  by 
the  Hersey  iManufacturing  Company,  is  of  the  current  type.  The 
piston  is  a  balanced  horizontal  wheel,  revolving  on  a  vertical 
spindle  by  impact  from  the  water  which  is  directed  against  it  by 
tlie  deflector  vanes.  The  revolutions  are  governed  by  the  quantity 
of  water  passing,  and  communicate  to  a  dial  which  indicates  the 
measurements.  On  flows  under  50  gallons  per  minute  the  regis- 
tration is  variable;  between  ^-inch  and  4-inch  streams  the  average 
registration  is  99  per  cent.  The  maximum  capacity  of  this  meter 
was  1  830  gallons  per  minute,  with  a  pressure  loss  of  31  pounds. 

The  exterior  appearance  of  this  meter  is  small  and  compact,  yet 
the  interior  is  capacious;  its  working  parts  are  simple  and  it  can 
easily  be  regarded  as  a  serviceable  model  of  the  current  meter. 

Six-Inch  Crest  Meter,  manufactured  by  the  Neptune  Meter 
Company.  This  meter  is  of  the  current  or  velocity  type.  The 
makers  claim  a  "  more  effective  adaptation  "  of  the  helix  or 
screw.  To  give  greater  or  less  sensitiveness,  depending  upon  the 
relative  degree  of  sensibility  required,  the  propeller  spaces  can  be 
made  less  or  more.  After  some  experiments  under  local  con- 
ditions, including  changes  and  adjustments  of  the  working  parts, 
this  current  meter  made  the  remarkable  record  of  registering 
89  per  cent,  on  a  flow  of  9^  gallons  per  minute,  while  the  registra- 
tion on  the  higher  flows  ranged  from  92  to  103  per  cent.  The 
action  of  this  meter,  with  fish  trap,  during  some  of  the  tests  was 
slightly  erratic.  Without  fish  trap,  this  meter  passed  2  070 
gallons  per  minute  with  a  pressure  loss  of  21.7  pounds;  with  fish 
trap,  it  delivered  1  905  gallons  with  a  loss  of  25.4  pounds. 

Six-Inch  Gem  Meter,  with  fish  trap,  made  and  presented  for 
testing  by  the  National  Meter  Company.  This  meter  is  of  the 
current  propeller  type,  similar  to  many  of  the  same  kind  now  in 
use  throughout  the  country.  This  meter  Avas  capable  of  deliver- 
ing more  water  than  any  other  6-inch  current  meter  tested,  and 
with  less  loss  of  pressure;  that  is,  2  200  gallons  per  minute,  with 
a  loss  of  15.9  pounds.      It  registered  on  flows  above  50  gallons 
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99.12  per  cent.;  below  30  gallons  the  registration  was  ncitlier 
constant  nor  substantially  correct. 

Ten-Inch  Hersey  Torrent,  with  fish  trap,  is  a  larger  model  of 
the  6-inch  Torrent  before  mentioned.  This  meter  delivers  2  410 
gallons  per  minute  with  a  net  loss  of  8  pounds;  the  accuracy  on 
flows  from  56  to  2  410  gallons  was  96.1  per  cent. 

Twelve-Inch  Giant  Meter,  manufactured  and  presented  for  test- 
ing by  the  Hersey  Manufacturing  Company.  The  design  consists 
of  a  converging  tube  on  inlet  side  and  a  diverging  tube  on  outlet 
side,  the  two  joined  together  with  a  throat  piece  having  an  annular 
core  with  openings  into  the  tube.  On  top  is  placed  a  by-pass 
meter,  so  proportioned  that  one  twentieth  of  the  water  passes 
through  the  meter  and  the  other  nineteen  twentieths  through 
the  tube;  the  inlet  to  the  by-pass  meter  was  from  the  converging 
tube;  and  the  outlet  into  the  throat  piece.  During  the  first  series 
of  tests  this  meter  registered  on  streams  larger  than  -^  inch  94.8 
per  cent.  The  gearing  was  then  changed  and  another  series  of  tests 
made;  the  registration  then  showed  about  104  per  cent.  The 
capacity  of  this  meter  was  2  400  gallons,  with  a  net  loss  of  7.25 
pounds. 

Six-Inch  Tilden  Device,  manufactured  by  the  Hersey  Manu- 
facturing Company,  and  described  in  ''  Report  of  Committee  on 
Private  Fire  Protection  "  to  the  New  England  Water  Works  Asso- 
ciation, February,  1904,  as  follows:  *  "  In  the  device  submitted  a 
3-inch  meter  is  set  in  a  by-pass  around  a  double-faced  gate  valve 
with  parallel  seats,  the  face  toward  the  pressure  being  bored  to 
admit  of  the  passage  of  water  through  the  same,  and  thence  up 
around  the  stem  into  a  cylindrical  chamber  directly  above  the 
valve,  through  the  center  of  which  the  valve  stem  extends. 

'*  In  the  cylindrical  chamber,  attached  to  the  valve  stem,  is  a 
cup-leather  plunger,  placed  cup  down  or  against  the  pressure,  and 
weighted  to  such  extent  as  with  the  weight  of  the  valve  and  stem 
to  constitute  a  force,  tending  to  keep  the  valve  closed,  equal  to 
the  pressure  per  square  inch  which  it  is  designed  to  absorb  in  the 
apparatus." 

"  The  cup-leather  packed  valve-operating  plunger  is,  as  regards 
the  pressure  from  the  lower  or  inlet  side,  absolutely  tight.     The 

♦Journal,  N.  E.  W.  W.  Ass'n,  June,  1904,  Vol.  18,  p.  198. 
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valve  itself  is,  as  usual,  a  single-faced  gate  closed  by  the  pressure. 
The  pressure  at  the  inlet,  conveyed  through  the  hole  in  the  valve 
and  up  around  the  stem  to  the  under  side  of  the  valve-opening 
plunger,  is  balanced  by  the  pressure  on  the  outlet  side  of  the 
valve,  the  same  being  conveyed  to  the  top  of  the  plunger  through 
a  brass  tube." 

This  device  was  designed  to  record  accurately  small  flows,  and 
yet  be  capable  in  the  event  of  fire  of  delivering  almost  as  much 
water  as  straiglit  plain  pipe.  This  device  demonstrated  its  ability 
to  discharge  within  4^  per  cent,  of  the  available  supply.  With  a 
static  head  of  61.4  pounds,  it  furnished  2  500  gallons  per  minute, 
with  a  loss  of  only  4.95  pounds.  It  further  substantiated  the 
claim  made  for  it  by  recording  100  per  cent,  of  the  flow  of  all 
streams  up  to  157  gallons  per  minute,  the  opening  point  of  the 
hydraulic  gate  valve;  the  loss  of  head  at  the  opening  point  was 
4.25  pounds. 

The  registration  on  floAvs  from  157  to  2  500  gallons  per  minute 
ranged  from  98  to  5.8  per  cent,  and  the  retardation  from  7.9  to 
4.95  pounds. 

This  device  has  been  repeatedly  set  up  and  tested  for  exhibition 
purposes;  on  each  and  every,  occasion  it  has  been  positive  in  its 
action,  and  has  not  shown  any  tendency  to  stick,  either  while  in 
actual  operation  or  by  the  opening  and  closing  of  the  small  valve 
on  the  connection  to  the  upper  side  of  plunger. 

Six-Inch  Proportional  Vertical  Check  Valve  (experimental), 
submitted  by  the  Hersey  Manufacturing  Company  and  designed 
by  Mr.  J.  A.  Tilden.  As  far  as  the  registration  on  small 
flows  is  concerned,  the  province  of  this  device  is  similar  to  the 
Tilden  device  just  described,  the  only  change  being  the  elimination 
of  what  might  be  called  the  open-and-shut  gate  valve.  This 
device  consists  of  a  3-inch  Hersey  disk  meter  set  in  a  by-pass 
around  a  vertical  check  valve  placed  in  a  horizontal  line  of  6-inch 
pipe.  The  principle  of  the  valve  is  that  a  loss  of  10  per  cent,  of 
the  pressure  on  the  Outlet  side  opens  the  check  and  allows  the 
water  to  flow  through  the  run  of  6-inch  pipe  in  addition  to  what  is 
passing  through  the  Ijy-pass  meter.  These  results  are  obtained 
in  the  following  manner:  A  brass  check  fits  on  a  ring  seat,  also  on 
a  2-inch  tube  which  has  an  outlet  to  the  atmosphere  through  a 
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telltale  meter ;  a  ouided  spindle  extends  above  and  below  the  seat 
insuring  a  reseating  of  the  check.  The  difference  in  area  of  upjier 
and  lower  surfaces  of  the  check  is  over  10  per  cent.  In  practice, 
this  check  remained  closed  until  the  difference  in  pressure  was  6.3 
pounds,  or,  in  other  words,  until  the  by-pass  meter  delivered 
191  gallons  per  minute,  when  the  check  opened  and  the  frictional 
loss  dropped  to  0.2  of  a  pound. 

The  accuracy  of  the  by-pass  meter  on  flows  from  h  gallon  to 
191  gallons  per  minute  was  101.6  per  cent.  This  device  delivered 
2  065  gallons  per  minute  with  a  pressure  loss  of  20.65  pounds. 
These  results  are  reasonable,  considering  the  narrow  and  tortuous 
water  passages.  The  telltale  meter  serves  as  an  indicator,  and 
while  the  check  is  open  from  any  cause  discharges  water. 

Six-Inch  Difjerential  Swing-Check  Device  (experimental),  de- 
signed by  Mr.  J.  A.  Tilden,  of  the  Hersey  Manufacturing  Com- 
pany. The  puri3ose  of  this  device  is  to  accurately  record  small 
flows  and  to  detect  large  flows  by  means  of  the  telltale  meter 
attachment,  even  to  the  extent  of  approximating  the  water  used 
during  a  fire,  also  to  reduce  the  loss  of  pressure  when  large  quan- 
tities of  water  are  needed,  so  that  the  retardation  will  be  unim- 
portant in  case  of  an  emergency.  In  principle  the  arrangement  is 
similar  to  the  proportional  vertical  check,  except  that  in  place  of 
the  vertical  a  swing  check  is  inserted  in  the  pipe  line.  An  annulus 
or  groove  opening  to  the  atmosphere,  to  which  may  be  attached 
the  telltale  meter,  is  cut  into  the  inclined  brass  seat  in  place  of  the 
two-inch  tube  in  the  vertical  check. 

The  inlet  and  outlet  areas  of  the  swing  gate  exposed  to  the 
pressures  are  so  proportioned  that  w^hen  there  is  a  loss  of  3.3 
pounds  on  the  outlet  side,  or,  to  express  it  in  another  way,  when 
128^  gallons  per  minute  flow  through  the  by-pass  meter,  the  swang 
check  opens  and  the  frictional  loss  is  reduced  to  about  0.2  of  a 
pound.  With  a  loss  of  scarcely  4J  pounds,  this  device  delivered 
2  495  gallons  per  minute. 

During  the  first  series  of  tests  this  device  operated  satisfactorily, 
while  in  the  second  series  the  telltale,  with  no  water  discharging 
from  the  nozzle,  indicated  that  either  the  check  did  not  cover  the 
annulus  or  else  the  check  did  not  completely  close.  An  inspection 
showed  only  a  very  slight  wear  of  the  rubber  face  of  the  check. 
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If  this  condition  should  arise  in  actual  practice  it  would  be  difficult 
to  determine  whether  it  was  a  leakage  into  the  annulus,  or,  where 
the  fire-service  pipinii;  system  is  concealed,  how  much  water  was 
being  wasted.  This  seems  to  be  an  inherent  defect  in  this  par- 
ticular swing-check  device.  With  this  device  there  is  no  pointer 
or  indicator  to  show  the  degree  of  opening  of  the  check. 

Four-Inch  Swing-Check  Deirice  (experimental)  is  a  smaller  size 
and  similar  in  construction  and  j^urposes  to  the  previously  de- 
scribed device.  In  place  of  the  6-ineh  a  4-inch  swing  check  is  used, 
and  in  place  of  a  3-inch  a  2-inch  disk  meter  is  placed  on  by-pass. 

The  capacity  of  this  appliance  is  2  100  gallons  per  minute,  with 
a  net  loss  of  21  pounds  in  pressure. 

The  ])y-pass  meter  registers  about  100  per  cent,  of  the  flow  on 
streams  discharging  from  \  gallon  to  41  gallons,  the  opening  point 
of  the  check.  The  indicated  loss  of  pressure  just  as  the  check  is 
about  to  open  is  3.65  pounds,  when  simultaneously  with  the 
opening  the  U-gage  shows  a  loss  of  only  0.3  of  a  pound.  Following 
the  opening  of  check,  and  while  discharging  41  gallons,  the  by-pass 
meter  registered  27  per  cent. 

The  check,  having  opened  automatically  with  a  draught  of  41 
gallons  per  minute,  did  not  close  again  until  the  water  was  entirely 
shut  off,  and  then  only  by  quickly  closing  the  valve  and  giving  it 
a  jar  or  shock,  thus  showing  that  during  a  portion  of  the  experi- 
ments the  telltale  was  misleading,  in  so  far  as  it  continued  to 
discharge  water  when  no  water  was  being  used  at  the  outlet. 

.Note,  August  18,  1905.  Since  the  foregoing  tests  were  made 
the  Hersey  Manufacturing  Company  have  presented  for  testing  at 
Lowell  a  Hersey  Detector  Meter.  In  appearance  and  arrangement 
it  is  similar  to  the  6-inch  experimental  differential  swing-check 
device  previously  described,  except  that  in  place  of  the  "  stock  " 
checks,  with  their  inherent  defects,  it  has  a  specially  designed 
check  valve,  with  a  weighted  flapper  consisting  of  a  hollow  brass 
ball  inside  the  case;  if  desired,  the  ball  can  be  weighted  with  shot, 
thus  varying  the  opening  point  of  the  check,  and  also  enabling 
the  check  to  close  more  readily  when  the  flow  is  reduced. 

This  device,  which  is  shown  in  Plate  XV.  is  looked  upon  favor- 
ably by  many  water-works  men  and  insurance  under\\riters. 
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Six-IxcH    Hersey    Detector     ;\Ieter    with    Improved    Check    Valve. 
Brass  Ball  xot  Weighted.     Meter  No.  233,288.     July  29,  1905. 


Size  of 

Gallons 

Per  Cent. 

Loss 

Nozzle  or 

per  Minute 

Registration  on 

of  Pressure, 

Remarks. 

Opening. 

by  Nozzle. 

By-Pass  Meter. 

Pounds. 

4-inch 

2  460 

2.9 

2.36 

Check  open. 

2     „ 

857 

4.3 

0.5 

220 

19.9 

0.45 

126 

100.0 

3.5 

Opening  point  of  check. 

128 

35.5 

0.45 

Just  after  opening. 

49 

100.0 

0.45 

Closing  point  of  check. 

47.7 

100 

0.5 

Just  after  closing. 

56.5 

99.6 

0.6 

i    „ 

9.64 

99.5 

0.0 

i    „ 

2.6 

99.0 

0.0 

Six-In"ch    Hersey    Detector    Meter    with    Improved    Check    V.\lve. 

Brass  Ball  Weighted  with  12-lb.  of  Shot.     Meter  Xo.  233,288. 

.\UGUST  9,   1905. 


Size  of 

Gallons 

Per  Cent. 

Loss 

Nozzle  or 

per  Minute 

Registration  on 

of  Pressure, 

Remarks. 

Opening. 

by  Nozzle. 

By-Pass  Meter. 

Pounds. 

4-inch 

2  460 

2.87 

2.45 

Check  open. 

2     „ 

868 

5.68 

0.8 

221 

26.6 

0.8 

139.5 

100.0 

4.11 

Opening  point  of  check. 

145 

42.8 

Just  after  opening. 

63.6 

100.0 

0.77 

Closing  point  of  check. 

56.5 

99.6 

0.75 

i    „ 

9.64 

99.5 

0.0 

i    „ 

2.6 

99.0 

0.0 
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Table  No.  2  shows  the  sensitiveness  and  accuracy  of  the 
meters  in  per  cent,  of  recorded  flow,  also  the  flow  of  different  size 
nozzles. 

In  Table  No.  3  is  shown  the  retardation  or  loss  of  pressvire 
with  different  flows,  due  to  the  resistance  offered  by  the  meter 
"  dependent  upon  the  intricacy  and  size  of  its  water  passages  and 
the  friction  of  its  moving  parts." 

Plate  IX  is  intended  to  show,  by  comparison,  the  relative 
recorded  flows  of  the  large  meters  and  special  fire-service  devices. 

Plate  X  shows,  on  profile  paper,  the  loss  of  pressure  or 
retardation  in  meters  and  fire-service  devices. 

In  a  synopsis  of  the  tests  we  find  in  the  three  types  of  meters 
represented,  the  positive  displacement,  the  current,  and  the 
special  devices: 

Firsf.  That  the  6-inch  positive  meter  is  adapted  for  close 
registration  on  all  appreciable  flows  up  to  its  capacity;  the  average 
capacity  of  this  type  being  only  54  per  cent,  of  the  available 
supply  through  a  6-inch  pipe,  while  the  loss  in  pressure  over  plain 
pipe  is  3  900  per  cent.,  or  in  the  ratio  of  39  to  1. 

These  figures  show  that  placing  a  positive  meter  on  a  single 
fire  service,  designed  to  furnish  water  for  a  certain  number  of  fire- 
extinguishing  fixtures,  would  be  a  menace  to  the  risk,  unless 
arranged  in  parallel  or  in  conjunction  with  other  devices. 

Second.  That  the  6-inch  current,  velocity  or  inferential  meter 
is  better  suited  to  deliver  larger  quantities  with  less  loss  of  head 
than  the  positive  type.  The  average  current  meter  will  deliver 
7o  per  cent,  of  the  available  supply  with  a  loss  of  3  062  per  cent.,  or 
in  the  ratio  of  30.62  to  1,  in  pressure,  excelling  the  positive  meter 
21  per  cent,  in  efficiency  of  flow,  and  838  per  cent,  in  loss  of 
head. 

Yet  this  type  of  meter  is  not  capable,  like  the  positive  meter, 
of  standing  guard  over  water-department  interests,  for  the  reason 
that  it  is  unreliable  on  flows  under  50  gallons  per  minute,  or,  to 
express  it  in  another  way,  most.current  meters  cannot  be  depended 
upon  to  record  streams  as  small  as  1-16  inch,  |  inch,  j  inch  and 
sometimes  ^  inch  with  any  degree  of  accuracy. 
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To  illustrate  wastes  on  small  streanxs: 

1-16-inch  stream  will  discharge       790  gallons  per  day. 
1-inch  „         „  „  3  744        „         „      „ 

J-inch  „         „  n         13  881        ,,         ,,      „ 

^-inch  ,,         ,,  n         81  792        ,,         ,,      ,, 

The  cost  of  such  flows  at  12  cents  per  100  cubic  feet,  the  average 
price  of  metered  water  at  Lowell,  would  be,  for  a  year, 

1-16-inch  stream ^^^'l^ 

i.uwh                            218. /9 

L     .              "               811.20 

l-inch            ;;           .    .    : 4779.92 

showing  that  manv  small  wastes  could  become  burdensome  to  a 
department.  Then,  how  can  current  meters  be  used  and  at  the 
same  time  get  the  record  of  the  small  wastes? 

As  a  suggestion,  one  way  would  be  to  set  a  current  meter  of 
known  efficiency  that  will  record  the  flows  above  a  certain  amount, 
but  before  this  meter  is  set  and  while  the  pipe  line  is  cut  for  such 
setting,  or,  better  still,  if  a  reliable  gate  valve  is  convenient,  place 
a  small  meter  on  a  by-pass  or  loop  for  a  time,  and  by  this  means 
obtain  the  small  inherent  wastes  of  the  private  system,  and  apply 
this  as  a  constant  to  the  current  meter. 

Third.  The  6-inch  special  fire-service  devices,  so  called,  are 
expressly  made  to  register  the  deceptively  small  streams  and  to 
record  wastes  or  uses  up  to  the  opening  point  of  such  device; 
beyond  that  the  devices  presented  could  only  indicate  that  the  gate 
or  "check  had  opened,  but  the  degree  and  duration  of  such  opening 
could  not  be  recorded. 

The  competency  of  these  devices  may  be  shown  by  the  following 
facts  — the  available  supply  of  water  through  the  apparatus  for 
testing  was  2  612  gallons  per  minute. 

The  6-inch  Tilden  Device  was  capable  of  delivering      95  per  cent. 
The  6-inch  Swing-Check  Device  was  capable  of 

IT-  95  per  cent. 

delivering ,  i'    '  /  ^ 

The  6-inch  Globe  Check  Device  was  capable  ot 

J  ,.       •  79  per  cent. 

delivering ^^'c 

The  4-inch    Swing-Check  Device  was  capable  ot 

1  ,.       •  .80  per  cent. 

delivering "^    ^ 
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The  same  devices  retarded  the  flow  of  water  more  than  a 
straight  piece  of  6-inch  pipe,  as  follows: 

The  6-inch  Tilden  Device ....  625  per  cent,  or  1  to    6.25 

The  6-inch  Globe  Check  Device   .  2  581',,       „     „    1„   25.81 

The  6-inch  Swing-Check  Device,  525    ,,       ,,     ,,    1  ,,     5.25 

The  4-inch  Swing-Check  Device,  2  625    „       „     „    1  „   26.25 

These  figures  show  that  some  of  the  special  devices  can  be 
depended  upon  to  deliver  more  water  with  less  loss  of  pressure  than 
either  the  positive  or  current  type  of  meter;  that  the  devices  are 
capable  of  recording  the  flows  for  which  they  are  adjusted,  but 
beyond  such  adjustment  the  flows  can  only  be  approximately 
accounted  for. 

In  conclusion,  we  believe  that  if  metering  appliances  were 
placed  on  all  private  supplies  it  would  effectually  put  a  stop  to 
chronic  wastes,  and,  in  our  opinion,  there  would  no  longer  be  any 
need  for  the  department  to  supervise  and  inspect  the  fire  service 
beyond  such  device,  placing  upon  the  parties  protected  by  these 
fire  services  the  responsibility  of  ascertaining  the  inherent  leaks  of 
the  hidden  portions  of  the  fire-service  system;  for,  undoubtedly, 
the  party  having  to  pay  the  bills  will  be  inclined  to  stop  such 
wastes,  even  to  the  extent  of  relaying  and  renewing  the  under- 
ground furniture  and  fixtures. 

Whether  or  not  we  have  partially  fulfilled  the  expressed  purpose 
of  these  tests,  which  was  to  discover,  if  possible,  some  practical 
mechanism  to  regulate  and  account  for  w;ater  taken  from  the 
distribution  system  —  whether  or  not  any  of  these  meters  or 
devices  will  satisfy  the  water- works  people  and  fire  underwriters, 
we  will  leave  to  the  opinion  of  those  interested  in  this  important 
subject. 

DISCUSSION. 

Mr.  Edward  Atkinson.*  It  is  such  a  discussion  as  this  which 
justifies  me,  as  an  underwriter,  in  being  a  member  of  this  Associa- 
tion. I  appreciate  to  the  fullest  extent  the  extreme  value  to  the 
mutual  underwriters,  whom  I  represent,  of  this  investigation  in 
Lowell,  with  which  we  are  perfectly  familiar.     It  reminds  me, 

*  President,  Boston  Manufacturers  Mutual  Insurance  Company. 
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however,  of  the  tests  of  the  ships  of  war  which  they  have  to  pass 
in  order  to  be  accepted.  They  reach  the  required  speed  after 
every  possible  provision  has  been  made,  and  are  accepted.  After 
that,  in  practice,  they*  very  rarely,  if  ever,  attain  any  such  speed, 
the  conditions  in  practice  being  so  thoroughly  different  from  the 
conditions  in  such  a  carefully  prepared  test. 

I  wish  to  correct  one  error,  if  I  may  call  it  so,  that  but  one  fire 
service  is  needed.  We  represent  the  largest  part  of  the  large 
factories  and  workshops  of  the  New  England  and  J\Iiddle  States 
and  many  others.  Not  in  one  case  in  one  hundred  do  we  accept 
a  single  supply  of  water.  In  many  of  the  larger  cities  a  double 
supply  of  water  is  required,  and  in  many  of  the  larger  cities  a 
double  fire  service. 

Now,  it  turns  out  even  in  these  refined  tests  that  meters 
got  clogged,  that  they  broke,  and  that  they  did  in  some  instances 
make  an  appreciable  and  what  might  be  a  disastrous  reduction 
in  the  pressure.  Bear  in  mind  that  in  the  emergency  of  a  fire 
there  come  sudden  changes  of  pressure,  sudden  conditions  of 
emergency,  and  it  goes  without  saying  that  any  apparatus  of  any 
kind,  however  constructed,  however  well  made,  under  those  con- 
ditions may  break  and  may  prevent  the  saving  of  property.  Our 
end  is  the  same.  Is  it  more  important  to  the  community  to  save  a 
little  water  that  might  otherwise  be  wasted,  or  to  save  the  prop- 
erty on  which  the  whole  welfare  of  the  community  may  depend? 
There  we  come  together. 

Reference  has  been  made  to  Mr.  Freeman.  When  I  first  began 
my  practice  there  was  nothing  but  empiricism  in  pumps,  pipes, 
hydrants,  hose;  and  Mr.  John  R.  Freeman  was  brought  into  the 
service  of  the  mutual  underwriters  in  order  to  bring  about  scien- 
tific results,  and  to  bring  these  matters  to  the  condition  of  applied 
science.  Whether  he  was  well  chosen  or  not,  his  works  have  told. 
There  has  been  no  question  of  greater  difficulty  than  the  adjust- 
ment of  the  relations  between  underwriters  of  our  kind,  for  the 
welfare  of  the  community,  and  of  the  owners  of  factories,  and  the 
water-works  engineers  whose  duty  it  is  to  save  the  water.  In 
some  cases,  very  rarely  indeed,  they  have  been  so  obstinate  in 
demanding  meters  where  they  should  not  be  installed,  that  the 
owners  have  drojjped   the  jniblic  supply  of  water  entirely,  and 


DISCUSSION.  287 

have  put  up  their  own  independent  "\\-orks  with  their  double  sup- 
ply of  water.  As  a  rule  we  rarely  have  any  difliculty  in  gettino; 
a  by-pass  or  in  so  arranging  the  meter  that  our  fire  service  shall 
not  be  interrupted  by  any  complex  mechanism  or  any  of  the  clog- 
ging that  is  liable  to  happen  at  anv  time  except  during  such  an 
experimentally  refined  test  as  has  been  described.  The  finality, 
unless  it  can  be  made  satisfactory,  simply  is  that  we  withdraw 
our  policies.  We  have  no  money  to  make,  all  we  aim  to  do  is  to 
save  the  community  and  the  factory,  and  if  they  do  not  choose  to 
accept  our  conditions,  we  simply  withdraw  our  policy.  We  have 
nothing  to  sell. 

Now,  when  the  water-works  engineers  convince  Mr.  Freeman 
and  my  vice-president,  Mr.  Gray,  and  Mr.  French  who  is  here, 
that  a  meter  can  be  put  into  a  fire  pipe  without  a  by-pass,  or  with- 
out getting  around  it  in  some  way,  so  that  it  shall  be  as  safe  with 
it  in  the  fire  service  as  without  it,  then  we  may  accept  it.  Un- 
til then  we  mutual  imderwriters,  who  have  fifteen  hundred 
millions  of  property  running  from  a  minimum  of  100  000  on 
a  risk  up  to  six  or  seven  millions,  stand  in  the  way  of  the  adop- 
tion of  meters  in  a  fire  service,  and  shall  continue  to  get  around 
them,  evade  them  or  do  without  them,  or  do  away  with  the 
water  works  which  insist  upon  them.  Our  interests  are  identi- 
cal, and  the  question  is,  will  you  save  the  most  by  saving  a  little 
water  by  putting  in  a  meter,  or  will  3^ou  save  the  welfare  of  the 
community  by  meeting  that  waste  in  some  other  way,  as  it  has 
been  met  by  Mr.  Coggeshall  in  New  Bedford,  without  impeding 
the  fire  service? 

The  President.  We  have  a  very  long  program  for  the  after- 
noon, and  it  has  been  suggested  that  discussion  of  this  paper  be 
held  over  until  our  next  meeting,  and  that  we  proceed  now  with 
the  other  papers.  This  paper  will  then  be  before  you  in  print, 
and  you  can  discuss  it  more  fully. 

[September  13,   1905.] 

Mr.  Sullivan.  At  the  meeting  in  March,  after  the  reading  of 
the  paper  and  the  conclusion  of  the  remarks  of  the  gentleman  who 
was  discussing  it,  as  I  was  about  to  reply,  the  President  said, 
"  We  have  a  very  long  program  for  the  afternoon,  and  it  has  been 
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suggested  that  discussion  of  this  paper  be  held  over  until  our 
next  meeting." 

At  the  former  meeting  Mr.  Atkinson,  in  discussing  the  tests  at 
Lowell,  referred  to  the  acceptance  tests  of  warships.  Now.  gentle- 
men, I  believe  the  results  at  ^lanila  and  Santiago  justified 
the  government  in  accepting  Avarships  after  trial  tests,  and  Cap- 
tain Clark's  memorable  trip  on  the  Oregon  proved  conclusively 
that  a  war  ship  in  practice  can  measure  up  to  a  warship  in 
theory. 

It  seems  to  me,  however,  that  there  is  no  very  close  analogy  be- 
tween the  duties  of  a  warship  and  a  meter,  between  the  speed  of 
a  boat  and  the  capacity  of  a  measuring  device,  the  efficiency  of 
the  engines  and  the  registration  of  a  meter;  but,  like  the  tests 
of  warships,  the  test  of  meters  will  show  which  is  most  suitable 
for  special  work.  Again,  ships  of  war  are  either  accepted  in  en- 
tirety or  provisionally,  and  are  sometimes  rejected  on  account 
of  such  tests.  In  the  tests  at  Lowell,  the  meters  were  neither 
accepted  nor  rejected,  but  an  honest  endeavor  was  made  to  obtain 
facts  that  would  assist  and  enlighten  the  department,  and  as 
some  members  of  this  Association  were  interested  in  the  results, 
I  was  requested  to  prepare  this  paper. 

I  do  not  believe  the  experiments  could  be  called  '"'  a  carefully 
prepared  test,"  and  the  meters  and  devices  tested  were  either 
regular  commercial  meters  from  stock,  in  the  market  for  sale,  or 
experimental  devices  sent  to  us  on  account  of  the  facilities  we  had 
for  testing. 

As  for  the  charge  of  refinement  of  accuracy,  I  presume  that  the 
meter  companies  will  admit  that  the  machines  sent  out  were  well 
and  carefully  made;  and  as  for  trying  to  obtain  the  correct  dis- 
charges and  loss  of  head  due  to  the  meters,  we  have  only  emulated 
the  example  of  the  mutual  underwriters,  who  have  such  scientifi- 
cally equipped  laboratories  for  testing  almost  everything  em- 
ployed in  the  extinguishment  of  fire.  The  able  and  excellent 
paper  by  Mr.  French  shows  that  they  are  fully  alive  to  the  issue, 
and  cannot  only  make  refined  tests  of  meters,  but  can  design  and 
manufacture  such  a  meter  as  Mr.  French  has  described  here;  and 
I  assure  you  I  think  he  is  modest  in  his  claims  with  regard  to  its 
performance.     It  seems  to  me  that  it  is  such  a  meter  as  has  long 
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been  sought  for  by  the  different  interests,  and  will  supply  a  long- 
felt  want. 

Mr.  Atkinson  in  his  remarks  said.  "  I  wish  to  correct  one  error^ 
if  I  may  call  it  so,  that  but  one  fire  service  is  needed."  It  must 
he  that  the  gentleman  misunderstood  me.  I  said,  "  Out  of  one 
hundred  and  twenty-four  fire  services  in  Lowell  only  one  Avas 
metered,"  and  that  was  true  at  the  time.  Since  then  others 
have  been  added. 

^Ir.  Atkinson,  continuing,  said,  "  It  turned  out  even  in  these 
refined  tests  that  meters  got  clogged,  that  they  broke,  that  they 
reduced  the  pressure,  etc."  Why,  that  was  part  of  the  object  and 
aim  of  these  tests,  to  gather  just  such  information,  and  I  believe 
it  is  the  object  and  aim  of  the  underwriters  to  get  such  information. 

Mr.  Atkinson  further  says,  "  It  goes  without  saying  that  any 
apparatus  of  any  kind,  however  constructed,  however  well  made, 
may  break  and  may  prevent  the  saving  of  property."  Granting 
that,  is  the  chance  of  a  properly  constructed  meter  breaking  down 
and  being  a  menace  any  greater  than  the  chance  of  a  valve  being 
closed  or  failing  to  operate,  a  hydrant  not  opening,  fire  pumps  not 
doing  their  duty,  sprinkler-heads  failing  to  open  at  the  proper 
time  or  the  piping  systems  failing  to  withstand  the  pressure?  Mark 
you,  gentlemen,  there  was  no  time  during  the  tests,  whether  a 
meter  clogged  or  broke,  that  the  supply  of  water  was  entirely 
shut  off. 

Now,  in  regard  to  the  welfare  of  the  community,  and  looking 
at  it  from  the  road,  as  it  were,  it  strikes  me  that  water-works 
managers  have  the  w^elfare  of  the  community  as  much  at  heart 
as  any  other  body  of  men. 

I  do  not  believe  it  was  the  intent  of  the  Lowell  Water  Depart- 
ment to  install  a  testing  apparatus  to  make  any  series  of  refined 
tests.  It  was  rather  to  install  a  practical  and  useful  apparatus 
that  can  be  used  at  any  and  at  all  times  for  testing  large  meters. 

Professor  Bemis  spoke  about  the  effect  of  water-hammer  on  the 
Hersey  Detector  Meter.  We  made  a  series  of  tests  both  on  the 
experimental  and  improved  detector  meter;  and  the  water  for 
these  tests  was  taken  from  a  pipe  line  supplying  a  high-service 
pump,  pumping  direct  to  the  high-service  system,  during  a  por- 
tion of  the   year.     This  pump  had  a  regulator,  and  relieved  itself 
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through  a  relief  valve  located  in  the  basement  of  the  engine  room, 
thus  making  the  conditions  favorable  for  water-hammer.  On 
every  occasion  when  the  check  was  once  closed  it  remained  closed, 
and  no  water-hammer  was  experienced  sufficient  to  open  it.  I 
believe  that  the  b3-pass  furnished  sufficient  compensation  to 
keep  the  clapper  on  its  seat. 


FRENCH.  291 


FIRE-SERVICE    METERS. 

BY  E.  V.  FRENCH,  ENGINEER  AND  INSPECTOR,  ASSOCIATED  FACTORY 
MUTUAL   INSURANCE    COMPANIES,    BOSTON,    MASS. 

iRead  September  13,  1903.] 

Several  years  ago,  after  many  discussions,  in  this  Association 
and  elsewhere,  of  the  problems  -which  the  private  fire  service 
causes,  we  came  to  the  conclusion  that  the  best  solution  of  all  of 
the  difficulties  would  be  a  meter  which  would  measure  all  the 
water  passing  through  the  service,  but  ■which  could  not  seriously 
obstruct  the  flow.  There  was  no  meter  on  the  market  fulfilling 
these  requirements  and  there  appeared  no  immediate  prospect 
of  one  being  developed.  As  we  felt  that  something  must  be  done 
soon,  we  started  to  devise  a  meter  for  this  work. 

We  believed  then,  and  we  still  believe,  that  there  are  many 
cases  where  it  is  not  yet  necessary  to  put  on  a  meter  to  prevent 
impro])er  use  of  water  from  the  fire  system.  We  have  therefore 
felt  justified  in  urging  that  simpler  means  be  adopted  for  the 
present  in  all  cases  where  conditions  are  favorable.  Later,  when 
devices  now  promising  well  have  l^een  proved  by  ex^Derience  to 
do  the  work  satisfactorily  there  will  be  little  objection,  other 
than  the  cost,  to  the  somewhat  general  eciuij^iDing  of  fire  services 
where  there  is  considered  to  be  a  real  need  of  it. 

Some  form  of  proportional  meter  seemed  the  most  hopeful 
direction  for  a  solution  of  the  problem.  We  have  made,  and 
others  have  made,  many  experiments  using  an  ordinary  check 
valve  having  a  by-pass  around  it  with  a  meter  in  the  by-pass. 
This  arrangement  would  measure  large  flows  with  reasonable  ac- 
curacy, but  it  would  not  measiu-e  small  flows,  and,  moreover,  the 
factor  by  which  the  reading  of  the  by-pass  meter  must  be  multi- 
plied to  give  the  total  flow  was  a  varying  quantity  during  the 
time  that  the  check  valve  clapi^er  was  opening. 

In  searching  for  a  remedy  for  these  difficulties,  we  hit  upon  the 
idea  of  connecting  in  some  way  the  action  of  the  by -pass  meter 
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with  the  raising  of  the  clieck  valve  chipper,  so  that  the  multiply- 
ing factor  would  l)e  automatically  corrected,  and  thus  give  a  true 
reading  at  all  flows.  The  working  out  of  this  idea  has  proved  to  be 
07ie  way  of  making  a  meter  which  can  be  safely  used  on  fire  mains^ 
and  which  will  measure  small  as  well  as  large  flows  with  sufficient 
accuracy  for  all  practical  purposes. 


Fig.  1.     Weighted  Check  Vai.ve. 


In  seeking  a  method  of  taking  care  of  the  very  small  flows,  we 
suggested  in  several  instances  ])utting  a  considerable  weight  on 
the  clapper  of  an  ordinary  check  valve,  replacing  the  usual  cover 
plate  by  a  dome.  Fig.  1  shows  this  idea.  The  thought  was  to 
so  arrange  the  weight  that  it  woukl  exert  a  large  force  tending 
to  hold  the  cla])per  on  to  its  seat,  but  that  as  the  clapper  opened. 
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the  weight  tended  to  go  toward  the  center,  thus  reducing  the 
friction  loss  which  the  weight  causes.  This  device  would,  of 
course,  not  measure  the  large  flows  at  all,  and  would  simply  he 
useful  as  a  means  of  getting  at  the  small  flows,  Init  could,  perhaps, 
be  arranged  with  some  simple  seal  or  other  indicating  arrangement 
so  that  it  would  show  whether  the  clapper  had  been  off  its  seat  or 
not.  We  suggested  this  in  a  few  instances  as  a  possible  temporary 
expedient  until  a  better  device  was  available;  but  as  we  studied 
the  problem  it  seemed  to  us  (and  the  advice  of  several  water- works 
men  who  have  carefully  considered  this  matter  for  years  Avas  in 
the  same  direction)  that  for  the  best  results,  taking  it  year  in  and 
year  out.  the  ideal  fire-service  meter  must  be  al)le  to  measure  all 
flows, —  the  small  as  well  as  the  large.  We  therefore  set  for  our- 
selves the  goal  of  getting  a  device  which  was  truly  a  meter  and 
which  would  reasonably  record  the  smallest  flows  which  any  meter 
can  detect,  and  eciually  well  the  largest  flows  which  could  be  drawn 
through  the  fire-service  connection. 

After  much  designing,  many  experiments,  and  the  discarding 
of  ideas  once  promising,  we  built  a  6-inch  meter  along  the  follow- 
ing lines: 

First,  there  was  a  check  valve  of  special  design  but  of  the  usual 
type,  exce]3t  that  all  parts  were  made  more  substantial.  The 
clapper  of  this  check  valve  closed  against  a  seat  having  an  annular 
groove  open  to  the  atmosphere  and  giving  a  differential  of  about 
6  per  cent.;  that  is,  the  pressure  on  the  down-stream  side  of  the 
clapper  must  be  about  6  per  cent,  lower  than  the  pressure  on  the 
up-stream  side  before  the  clapper  would  open,  this  being  due,  of 
course,  simply  to  the  difference  in  areas  on  the  two  sides,  the  down- 
stream side  having  the  greater  area.  A  considerable  weight  was 
put  on  the  clapper  to  insure  its  proper  operation  and  to  firmly 
force  it  on  to  its  seat.  Around  this  check  valve  a  3-inc)r  by-pass 
with  3-inch  disk  meter  was  placed  and  a  screen  of  large  area,  ar- 
ranged to  be  washed  clean  l)y  the  current  through  the  main  chan- 
nel, was  provided;  also  a  check  valve  in  the  3-inch  by-pass  to 
prevent  water  going  from  the  fire  protection  equipment  back  into 
the  public  mains.  We  then  introduced  a  controlling  valve, 
known  as  the  "  horn,"  which  is  attached  to  the  check  valve  clap- 
per, and  which  works  in  a  hole  through  which  the  water  from  the 
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3-inch  by -pass  discharges  on  the  down-stream  side  of  the  clapper. 
By  experiment  we  filed  this  horn  into  such  shape  that  it  made 
the  factor  or  coefficient,  by  which  the  reading  of  the  meter  must 
be  multiplied  to  get  the  total  flow,  a  constant  for  all  rates  of  dis- 
charge. We  found  that  this  controlling  horn  would  govern  the 
water  reliably  and  with  sufficient  closeness  for  ordinary  practical 
work. 

A  measure  of  the  small  flows  was  obtained  by  holding  the  clap- 
per of  the  check  valve  on  to  its  seat  by  the  differential  action  and 
by  the  weight  until  there  was  about  130  gallons  flowing  through 
the  3-inch  by-pass,  with  which  flow  the  loss  of  pressure  through 
the  by-pass  was  just  al)out  sufficient  to  cause  the  opening  of  the 
check.  In  this  way,  all  flows  up  to  about  130  gallons  per  minute 
were  measured  with  all  the  accuracy  of  a  3-inch  disk  meter,  which, 
it  was  believed,  was  sufficiently  sensitive  for  any  purpose. 

It  is  desirable  that  one  meter  measure  all  the  flows,  and  this  was 
accomplished  by  letting  the  3-inch  meter  measure  the  flows  directly 
up  to  about  130  gallons,  and  then  arranging  a  second  dial  which 
by  a  simple  arrangement  of  levers  was  thrown  into  action  the  in- 
stant the  main  clapper  ojDened.  Having  by  the  horn  made  the 
coefficient  a  constant  for  all  flows,  it  was.  of  course,  entirely  pos- 
sible to  arrange  the  second  dial  so  that  it  multiplied  the 
readings  of  the  3-inch  meter  b}'  the  coefficient,  thus  letting  the 
one  3-inch  meter  measure,  first  directly  and  second  proportion- 
atel}^  all  the  water  flowing.  As  worked  out,  the  ratio  between 
the  main  channel  and  the  3-inch  by-pass  is  such  that  ten  times  as 
much  water  goes  through  the  main  channel  as  through  the  by- 
pass. The  total  ciuantity,  therefore,  is  the  sum  of  the  readings 
of  the  two  dials. 

This  first  experimental  meter,  which  may  be  seen  at  the  left  in 
Plate  I,  Fig.  1,  was  finished  about  January  15,  1905,  and  proved  to 
us  that  this  was  one  method,  —  not  necessarily  the  only  one  and 
not  necessarily  the  best  one,  but  one  way  of  metering  a  fire  service. 
Feeling  sure,  therefore,  that  the  main  principles  had  been  estab- 
lished, we  redesigned  the  meter,  with  the  idea  of  bringing  it  into 
compact  and  commercial  form.  The  first  meter  had  naturally 
been  experimental,  less  compact  than  desirable,  and  many  changes 
have  been  necessary  as  the  experiments  developed.     The  second 
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Fig.  1.     First  and  Second  Models  or  Proportional  Meter. 


Fig.  2.     Six-inch  Proportional  Meter. 
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meter,  which  is  now  completed,  follows  the  same  general  lines 
but  is  in  better  form;  an  external  view  of  it  is  shown  in  Plate  I, 
Fig.  2,  and  also  at  the  right  in  Plate  I,  Fig.  1,  and  a  sectional 
elevation  in  Fig.  2.  In  this  meter  the  clapper  and  attached 
parts  are  made  heav>'  and  the  lead  weight  is  about  48  pounds, 
so  that  a  large  and  positive  force  is  tending  to  hold  the  clapper 


Fig.  2.     Proportional  Meter. 


on  to  its  seat.  The  annular  space  of  the  seat  is  open  to  the  at- 
mosphere and  the  differential  action  is  less  than  6  per  cent. ;  that 
is,  with  a  static  pressure  of  80  pounds  the  clapper  would  remain 
on  its  seat  until  the  pressure  on  the  fire-service  side  had  dropped 
to  about  75  pounds.  It  then  leaves  its  seat  with  a  jump,  which 
jump  is  increased  by  the  small  lip  surrounding  the  clapper,  and 
this  throws  the  horn  into  the  discharge  orifice  from  the  by-pass, 
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and  at  the  same  time  throAvs  the  second  dial  into  jjear,  and  the 
meter  will  register  all  flows  proportionately  from  this  point  on. 
The  horn  corrects  the  coefficient  while  the  clapper  is  o])ening, 
and  experiments  show  that  after  the  clai)])er  reaches  its  stop, 
the  coefficient  is  practically  a  constant  for  all  further  flows,  at 
least  within  the  ordinary  range  of  commercial  use. 

After  com])leting  the  first  meter,  shoAvn  at  the  left  in  Plate  I, 
Fig.  1,  we  arranged  it  in  the  laboratory  at  Lowell  in  connection 
-with  the  supply  of  the  locks  and  canals,  where,  through  the  cour- 
tesy of  the  proprietors,  excellent  facilities  are  at  our  disposal  for 
testing,  so  that  the  meter  would  get  the  almost  exact  conditions  of 
actual  use.  To  do  this  we  allowed  a  small  flow,  4  or  5  gallons  a 
minute,  to  go  through  it  for  about  two  months,  thus  representing 
the  possil)le  small  leakage  of  the  ordinary  fire  system.  Then  about 
every  week  we  ran  through  larger  flows  up  to  1  000  or  1  500  gal- 
lons per  minute,  and  at  each  time  made  a  series  of  tests  on  the 
ratio  of  registration  to  flow  when  reading  jiroportionately.  The 
results  from  week  to  week  varied  slightly,  but  were  all  within 
reasonable  limits,  and  are  shown  in  the  diagram  ,  Fig.  3,  thus 
indicating  that  the  method  of  proportional  reading  was  reason- 
ably stable. 

There  has  not  been  time  since  the  second  meter  was  completed 
to  carry  on  a  long  series  of  tests,  but  with  its  l^etter  construction 
we  have  full  confidence  that  it  will  give  even  better  results. 

We  were  troubled  for  a  considerable  time  to  get  a  satisfactory 
closing  of  the  check,  the  tendency  l^eing  not  to  re-seat  until  the 
flow  was  reduced  to  so  small  an  amount  that  it  could  not  be  meas- 
iired  ]iroportionately.  After  considerable  study,  we  developed 
the  idea  of  providing  a  ring  around  the  seat  about  .^-  -inch  larger  in 
diameter  than  the  clapper,  and  then  making  the  horn  long  enough 
so  that  when  the  clapper  first  jumps  open  it  throws  the  horn  a 
short  distance  into  the  orifice.  The  ring  gives  the  clapper  a  larger 
opening  at  the  start  as  the  water  forces  it,  the  moment  it  leaves  its 
seat,  to  the  outer  edge  of  the  ring.  The  ])art  of  tlie  horn  thrown 
through  the  ring  at  the  start  kee])s  the  proportional  reading  ac- 
curate down  to  the  point  where  the  chqiper  re-seats,  which  is.  in 
the  device  as  it  stands,  Avith  a])out  half  the  flow  occurring  at  the 
o])ening   point.     As  now  arranged,   the  device   will   (piite   accu- 
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rately  measure  the  water  down  to  the  closing  point,  thus  covering 
all   flows. 

The  device  has  the  merit  of  requiring  only  one  small  meter  for 
both  small  and  large  flows,  and  as  the  arrangement  works,  this 
meter  is  thoroughly  washed  out  by  a  considerable  flow  going 
through  it  directly  before  it  is  called  upon  to  measure  w^ater  pro- 
portionately. This  feature  alone  will  be  a  considerable  factor 
in  insuring  that  any  slight  obstruction  will  be  removed  before  the 
more  delicate  proportional  reading  commences.  Again,  with  the 
two  dials,  a  very  good  idea  can  be  obtained  as  to  the  approximate 
rates  of  flow  through  the  meter  —  a  thing  in  some  instances  of 
value  in  controlling  fire  services.  This  is  possible  from  the  fact 
that  the  3-inch  meter  measures  on  dial  A  the  water  coming 
through  the  by-pass,  and  on  dial  B  the  water  coming  through  the 
main  channel.  If,  therefore,  for  example,  at  the  end  of  a  month 
the  total  quantity  is  small  and  is  all  shown  by  dial  A,  it  will  in- 
dicate that  all  water  going  into  the  fire  system  went  in  at  a  low 
rate  of  flow.  If,  on  the  other  hand,  dial  A  shows  but  a  small  part 
and  dial  B  most  of  the  quantity,  then  it  will  indicate  that  the 
drafts  were  at  a  higher  rate  of  flow.  In  the  event  of  a  fire  on  a 
service  where  the  record  on  dial  B  was  surely  due  to  fire  alone,  — 
that  is,  there  had  been  no  other  large  drafts,  —  the  water  used 
during  the  fire  would  be  the  reading  of  dial  B  plus  1-10  of  the  read- 
ing, the  tenth  being  simply  due  to  the  water  which  had  gone 
through  the  3-inch  by-pass.  In  this  way  it  would  be  very  easy  to 
deduct  from  the  total  flow  for  the  month  or  quarter  the  amount 
which  the  fire  caused  and  for  which  there  would  ordinarily  be  no 
charge. 

The  arrangement  of  the  screen  protecting  the  3-inch  meter  is 
such  that  every  large  flow  through  the  main  channel  would  tend 
to  wash  off  a  considerable  part  of  any  accumulation,  thus,  in  a  way, 
making  the  thing  self-cleaning.  It  is,  of  course,  recognized  that 
any  large  metering  device  must  have  some  reasonable  care,  es- 
pecially where  poor  waters  are  used,  to  be  sure  that  it  remains 
in  working  order.  The  whole  thing  has  been  designed  in  a  simple 
and  rugged  manner,  and  with  all  parts  readily  accessible.  The 
large  weight,  as  suggested  previously,  insures  the  tight  closing  of 
the  clapper  under  all  ordinary  conditions,  while  if  any  considera- 
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ble  obstruction  should  get  under  it,  the  constant  flowing  of  water 
from  the  annular  space  would  at  once  give  indication  that  the 
meter  was  out  of  order. 

In  the  chart,  Fig.  4,  the  lower  curve  shows  the  friction  loss  of 
the  present  meter  (Fig.  2  and  Plate  I,  Fig.  2)  as  it  stands  to-day. 
We  strove  to  keep  the  friction  loss  as  small  as  possible  but  found 
a  moderate  loss  necessary  for  the  successful  operation  of  the 
device.  The  meter  has,  however,  one  ver}^  good  feature,  in  that 
the  loss  does  not  increase  rapidly  at  the  large  flows,  this  being 
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due  to  the  fact  that  after  the  check  valve  reaches  its  stop, 
the  loss  is  comparable  with  that  of  the  ordinary  check  valve,  the 
larger  comparative  loss  at  the  lower  flows  being  simply  due  to  the 
weight. 

The  upper  curve  in  Fig.  4  shows  the  degree  of  accuracy  of  the 
readings  of  the  deA'ice,  —  at  first  when  the  by -pass  meter  is  read- 
ing directly,  and  then  when  the  whole  device  is  working  propor- 
tionately. The  water  in  these  tests  was  measured  by  nozzles  in 
the  usual  manner.     It  will  be  seen  that  the  registration,  while 
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reading  proportionately,  is  sufficient!}'  close  fnr  all  practical 
l)urposes. 

Considering  that  this  meter  was  mainl}-  for  fire  services,  through 
^\ilich  there  should  normally  l^e  no  draft,  we  have  felt  that  the 
small  Avaste  from  the  differential  space,  which  at  70  pounds  pres- 
sure amounts  to  but  8  or  10  gallons  per  minute,  was  not  objection- 
able. In  a  fire  this  small  loss  of  water  would  not  appreciably 
reduce  the  fire  supply.  Of  course,  with  a  meter  of  this  kind 
there  would  be  no  serious  objection  to  the  occasional  use  of  some 
water  in  a  mill  yard  in  an  emergency,,  as  in  the  case  of  the  breaking 
down  of  a  boiler  feed  pump,  a  condenser,  or  other  similar  use  which 
in  the  past  has  given  the  water-works  superintendent  anxiety. 
Under  such  conditions  there  would  be  some  waste  from  the  an- 
nular space,  but  as  these  uses  would  be  infrequent  this  waste  would 
not  seem  objectionable.  An  arrangement  has  been  devised  for 
cutting  this  flow  off  when  the  meter  is  passing  considerable  quanti- 
ties of  water,  but  for  the  present  it  seems  better  to  allow  the  vvaste, 
thus  getting  the  full  benefit  of  an  immediate  indication  in  case  the 
check  valve  does  not  properly  seat. 

We  have  been  pushing  the  development  of  this  meter  as  rapidly 
as  possible  during  the  last  few  years,  and  those  who  have  had  ex- 
perience in  developing  any  device  of  this  kind,  or  any  general  ex- 
perimental work,  will  at  once  appreciate  the  many  difficulties  to 
be  overcome  and  the  considerable  time  necessary  in  getting  a 
device  into  even  reasonably  complete  form.  It  is  our  purpose  to 
make  this  device  available  for  any  one  for  fire  purposes  in  the  near 
future. 

We  have  watched  with  much  interest  the  development  of  the 
Hersey  Detector  Meter.  We  have  discussed  the  problem  on 
many  occasions  with  the  manufacturers,  have  received  useful 
suggestions  from  them,  and  have  made  available  for  common  use 
some  points  brought  out  in  our  own  experiments,  for  we  have 
kept  clearly  in  mind  "throughout  all  of  this  work  that  the  chief 
aim  was  to  get  upon  the  market  and  have  available  for  all  a  simple 
and  reliable  meter  which  could  safely  be  used,  and  which  would 
be  acceptable  to  water  departments  on  fire-service  connections 
where  some  measuring  or  detecting  device  was  imperative.  The 
Hersey  Detector  seems  to  us  to  be  available  for  many  places  and 
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is  not  objectionable  from  an  insurance  standpoint.  It  does 
measure  the  small  flows  and  indicate  reliably  the  large  ones,  giv- 
ing a  fairly  good  idea  of  the  time  in  which  large  flows  were  going 
on.  It  further  gives  immediate  notice  whenever  the  clapper  is 
off  of  its  seat. 

From  a  fire  protection  standpoint,  it  is  in  general  objectionable 
to  have  water  drawn  from  the  fire  }iipes  for  manufactvu'ing 
purposes.  Such  drafts,  especially  where  considerable,  mean 
that  before  fire  pumps  can  produce  a  higher  pressure  for  hose 
streams  and  sprinklers,  it  is  necessary  that  they  should  discharge 
enough  water  to  feed  all  the  mill  supply  connections  which  may  be 
open,  and  this  often  at  a  considerably  higher  pressure  and  conse- 
cjuently  larger  flow  than  when  fed  by  city  water.  It  is  therefore 
our  strong  preference  to  have  -fire  pipes  used  only  for  fire  purposes, 
and  under  these  conditions  a  meter  which  will  measure  small  flows, 
thus  recording  the  leaks  in  the  system  or  any  occasional  small 
uses,  and  Avhich  will  indicate  the  larger  ones,  wovdd  seem  under 
many  conditions  to  cover  all  the  needs.  We  have,  therefore, 
been  advising  the  use  of  the  Hersey  Detector  during  the  last  few 
months,  and  in  a  similar  w^ay  should  be  ready  to  recommend  any 
equivalent  device. 

Our  present  position  in  regard  to  fire  service  where  some  im- 
provement over  existing  conditions  is  desired  is  as  follows: 

(1)  Ask  the  mill  people  to  cut  off  every  connection  taking 
water  for  manufacturing  purposes  from  the  fire  pipes. 

(2)  Put  on  a  Hersey  Detector  dieter  and  have  the  mill  people 
clearly  understand  that  they  must  not  draw  water  through  the  fire- 
service  pipes,  except  in  the  case  of  fire  and  for  such  periodical  test- 
ing as  may  be  agreed  upon  with  the  water  department. 

(3)  If  the  water  department  feel  that  a  meter  measuring  all 
flows  is  necessary,  we  hope  that  the  device  which  w^e  have  devel- 
oped, and  which  has  just  been  described,  can  soon  be  made  avail- 
able, and  of  course  could  be  put  on  in  any  case  where  preferred. 

We  believe,  therefore,  that  a  distinct  advance  has  been  made, 
and  that  it  is  to-day  feasible  to  put  a  guard  over  the  fire  service 
which  with  reasonable  care  will  give  the  water  department  full 
knowledge  of  what  is  going  on  and  full  protection  against  any 
improper  taking  of  water.     It  is,  of  course,  recognized   that  a 
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meter  such  as  we  have  attempted  to  develoj).  whicli  will  measure 
all  flows,  would  be  the  best  possible  thing,  in  that  it  would  leave 
no  opportunity  for  dispute,  for  whenever  a  protected  mill  drew 
water  through  the  fire  pipes,  either  properly  or  improperly,  the 
matter  could  be  at  once  adjusted  b}'  the  rendering  of  a  bill  with 
no  argument  as  to  why  the  water  was  drawn  or  as  to  the  amount 
drawn. 

It  has  occurred  to  us  that  to  discourage  any  use  of  water  through 
the  fire  system,  except  in  emergencies,  it  would  perhaps  be  proper 
to  charge  for  water  used  in  this  way.  except  water  used  in  actually, 
extinguishing  fire  or  any  reasonable  testing,  a  little  higher  rate 
than  for  water  used  through  the  ordinary  mill-service  meter. 

The  National  Fire  Protection  Association,  which  to-day  has 
representatives  from  all  of  the  under^Titing  and  most  of  the 
allied  interests  connected  with  fire-protection  work,  has  appointed 
a  special  committee  *  to  consider  the  whole  private  fire-service 
problem,  thus  showing  that  the  underwTiters  and  fire-protection 
engineers  as  a  whole  are  quite  alive  to  this  matter,  and  are  de- 
sirous of  meeting  it  in  a  proper  and  comprehensive  manner.  This 
National  Fire  Protection  Association  Committee  met  a  committee 
of  the  American  Water  Works  Association  in  the  spring  and  dis- 
cussed various  problems  with  them,  all  as  shown  in  the  trans- 
actions of  the  American  Water  Works  Association  and  proceedings 
of  the  National  Fire  Protection  Association. 

At  the  joint  meeting  of  the  above  committees  the  following 
resolution  was  adopted: 

"  That  it  is  the  sense  of  this  conference  that  an  apparatus  em- 
bodying an  indicating  check  valve  Avhich  shall  not  afford  an  ini- 
tial resistance  greater  than  about  6  per  cent,  of  the  available 
pressure,  with  a  metered  by-pass,  will  prove  acceptable  on  fire 
risks  to  both  committees  represented  in  this  conference." 

*  This  committee  consists  of  — 

E.  V.  French,  chairman.  Associated    Factory    Mutual   Fire  Insurance    Companies, 

Boston. 
A.  Blauvelt,  associated  manager,  Western  Factory  Insurance  Association,  Chicago. 
.J.  E.  Diebold,  inspector.  Burrows.  Marsh  &  McLennan,  Chicago. 
H.  A.   Fiske,  manager.  Special  Risk  Dept.,  Phoenix  Insurance  Company,  Hartford. 
C.  B.  MacKinney.  care  Starkweather  &  Shepley,  Providence. 
H.  \j.  Phillips,  manager.  Factory  Insurance  Association.  Hartford. 
A.  R.  Williams,  special  agent,  I'nion  Assurance  Society  of  London.  Milwaukee. 
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This  resolution  was  ratified  by  the  full  convention  of  the  Ameri- 
can Water  Works  Association  at  West  Baden,  and  also  at  the 
ninth  annual  meeting  of  the  National  Fire  Protection  Association 
held  in  New  York. 

It  is  the  desire  of  the  committee  to  discuss  these  matters  in  a 
friendly  way  with  water- works  men,  and  it  is  believed  that  we 
need  the  advice  and  counsel  of  those  practically  engaged  in  hand- 
ling water  supplies  to  wisely  settle  the  various  problems  which 
arise  in  connection  with  fire  services.  This  committee  is  there- 
fore ready  to  discuss  with  the  committee  of  this  association  any 
problems  of  this  kind  at  any  time,  and  we  believe  that  there 
are  no  difficulties  which  cannot  in  this  way  be  satisfactorily 
overcome. 

In  closing  I  desire  to  make  it  very  clear  that  the  meter  which 
has  been  developed  is  the  product  of  our  Inspection  Department 
and  that  valuable  ideas  have  been  received  from  many  members 
of  the  department,  and  especially  from  the  following  men:  Mr. 
Ezra  E.  Clark,  starting  with  the  idea  that  there  must  be  a  con- 
necting link  between  the  clapper  opening  and  discharge  from 
the  by-pass  connection,  suggested  and  developed  the  horn  regu- 
lating valve  and  the  one-meter  idea  and  worked  out  the  original 
studies  leading  to  the  putting  of  the  whole  device  together  in  com- 
pact and  practical  form.  Mr.  George  F.  Hiller  worked  out  many 
important  points  and  designed  and  built  the  first  meter,  and 
carried  through  with  much  patient  work  the  experiments  neces- 
sary to  bring  it  all  into  its  final  perfected  shape.  Mr.  Edw.  W. 
Sibley  laid  out  the  main  lines  of  the  second  meter  in  its  present 
commercial  form,  carried  it  through  the  shops  with  much  energy, 
and  has  given  many  long  days  to  putting  the  meter  in  its  present 
completed  form.  Messrs.  Clark  and  Hiller  have  followed  the 
later  developments,  giving  valuable  suggestions  and  advice  at 
various  times,  so  that  the  whole  thing  is  an  excellent  example 
of  the  advantage  of  the  free  cooperation  of  several  men  interested 
in  the  same  problem  but  getting  at  it  from  different  directions 
and  with  different  experiences. 
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DISCUSSIOX. 

Mr.  Edward  W.  Bkmis.*  I  should  like  to  ask  Mr.  French  a 
(luestion  bearing  on  our  experience  at  Cleveland  with  the  Hersey 
Detector  Meter,  M'hich  we  tried  as  an  experiment.  We  found 
with  the  meter  which  we  placed  in  the  basement  of  our  City  Hall, 
that  there  was  a  great  deal  of  water-hammer  owing  to  the  elevators 
in  the  neighborhood,  and  this  cau.sed  a  fluctuation  much  greater 
than  the  6  per  cent.  It  caused  the  very  frecjuent  opening  of  this 
clapper  and  a  considerable  lo.ss  of  w^ater  through  the  annular 
opening  every  time  this  occurred.  This  was  such  a  serious  matter 
that  it  discouraged  us  for  the  time  being  in  the  use  of  the  meter; 
of  course  we  may  return  to  it.  I  should  like  to  ask  Mr.  French  if 
he  has  solved  the  problem,  and  how  much  water  is  lost  —  I  think 
he  told  us  but  I  didn't  quite  grasp  it  —  in  such  a  case  as  that,  and 
what  he  would  do  where  there  is  considerable  water-hammer 
through  elevators,  etc. 

Mr.  French.  Our  feeling  is  that  perhaps  that  is  somewhat  an 
abnormal  or  rather  an  unusually  serious  condition,  and  that  it 
would  be  rather  desirable  to  find  a  remedy  for  the  water-hammer, 
for  it  is  pretty  likely  if  it  doesn't  hurt  somebody's  meter  that  it 
will  hurt  something  else.  The  amount  of  water  escaping  —  the 
orifice  would  be  somewhere  between  one  eighth  and  one  fourth  of 
an  inch  —  would  be  somewhere  between  5  and  10  gallons  a  minute 
with  a  static  pressure  of  70  povmds.  If  the  water-hammer  was 
simply  a  momentary  jump,  I  should  expect  that  there  would  be 
very  little  water  lost.  If  it  was  of  a  longer  surge  type  the  clapper 
might  stay  open  for  half  a  minute,  and  perhaps  there  would  be  a 
loss  of  2,  3,  4  or  5  gallons  every  time.  We  haven't  given  special 
consideration  to  getting  over  that  difficulty,  feeling  that  in  the 
average  service  such  as  we  are  connected  with,  and  where  we  would 
ordinarily  be  at  the  entrance  to  a  mill  yard  with  considerable  pipe 
beyond  us,  that  would  not  be  a  serious  matter. 

Mr.  Bemis.  Suppose  there  was  an  hydraulic  elevator  in  the 
mill,  would  there  not  be  that  water-hammer? 

Mr.  French.  There  might  be  that  water-hammer  and  it 
might  occasion  some  trouble  such  as  you  mention.     I  should  think 

*  Superintendent  of  Water  Works,  Cleveland,  Ohio. 
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tliat  ill  a  case  like  that  the  ])la('iii,ii'  someAvhorc  of  a  fairly  .uood 
sized  air  chamber  would  perhaps  cover  the  ditHculty.  I  think  it 
would  have  to  be  treated  soniewliat  as  a  special  diflicuhy  in  each 
case,  dependin,ii'  on  the  local  conditions. 

Mr.  Frank  C.  Ki.mjjall.*  At  Mr.  French's  invitation,  and 
in  company  with  two  members  of  this  Association's  Committee 
on  Private  Fire  Services.  I  had  the  pleasure  of  inspecting  this 
meter  at  Lowell  last  Saturday.  Our  time  was  so  limited  that 
we  could  make  no  special  tests  of  it,  but  the  tests  that  had  been 
made  I  was  somewhat  familiar  with  from  the  fact  of  having  made 
numerous  tests  along  these  lines  myself,  and  I  was  thoroughly  satis- 
fied that  the  meter  would  do  all  that  is  claimed  for  it.  It  seems 
to  me  that  Mr.  French  has  come  nearer  hitting  what  is  rec[uired 
along  these  lines  than  has  been  accomplished  heretofore.  He 
certainly  has  a  meter  which  is  acceptable  to  the  instirance  people, 
and  that  is  saying  a  great  deal. 

Just  what  the  unforeseen  is  that  will  happen  to  this  meter, 
which  Cjuestion  has  always  troubled  ]\Ir.  French  and  the  other 
insurance  people,  1  don't  know.  We  will  leave  them  to  work 
that  out.  From  a  water-works  standpoint,  and  speaking  as  one 
who,  perhaps,  has  looked  into  this  question  of  metering  fire  sup- 
plies as  mtK'h  as  any  one,  I  would  express  the  opinion  that  this 
fully  meets  our  desires.  As  we  all  know  who  ha\'e  used  them, 
any  of  the  present  3-inch  disk  meters  will  measure  streams,  exen 
very  small  flows,  fine  enough  to  satisfy  even  a  hyj^ercritical 
water-works  man:  and  with  this  device  arranged  as  it  is,  so  that 
it  measures  even  at  the  highest  flows  v.ithin  5  per  cent.,  and,  as 
Mr.  French  has  \evy  plainly  shown,  can  be  made  to  register  un- 
doubtedly even  closer  than  that  if  the  game  is  worth  the  candle  — 
which  I  do  not  think  it  is  —  I  ])elieve  that  water-works  officials 
have  something  so  good  that  they  cannot  reasonably  ask  for  any- 
thing better.  This  is  ah  on  the  supposition,  which  I  think  is  a 
correct  one,  that  there  are  no  mechanical  difficulties  in  the  way 
of  building  this  apparatus. 

I  am  sure  that  so  far  as  the  companies  that  I  represent  are 
concerned,  where  I  have  for  some  years,  as  Mr.  French  very  well 
knows,  taken  the  stand  that  some  device  mtist  be  used  to  deter- 

*  Civil  Engineer,  Boston,  Mass. 
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mine  whether  or  not  water  is  used  properly  or  not  used  at  all,  as 
they  olaim  frofiuently  is  the  fact,  "we  are  ready  to  accept  the  situa- 
tion and  tio  in  with  the  underwriters  on  this  device,  as  in  fact  we 
have  already  in  one  or  two  instances  witli  the  Tilden-TIersey 
device. 

There  is  one  ]X)int  that  Mr.  French  made  as  regards  not  using 
any  water  even  with  this  device  upon  sprinklered  mill  services, 
with  which  we  somewhat  disagree.  We  have  felt  always  from  a 
water-works  standpoint  that  some  water  used  through  a  fire  serv- 
ice which  was  metered  was  of  advantage  because  it  showed 
whether  or  not  the  apparatus  was  in  working  order  and  would 
respond  when  it  was  necessary  to  call  upon  it.  Of  course  that  is 
a  matter  which  perhaps  is  not  of  serious  consequence.  If  they 
can  induce  their  mills  to  put  in  two  connections  or  three  or  four 
in  place  of  one,  water  departments  as  a  rule,  I  think,  would  have 
no  objection.  If  we  should  attempt  to  carry  out  the  sugges- 
tion, however,  to  discourage  the  use  of  water  through  fire-pro- 
tection fixtures  for  other  than  fire  purposes  by  charging  a  higher 
rate  for  water  used  through  such  fixtures,  I  think  some  of  our 
legal  friends  would  come  forward  with  decided  objections  which 
would  prevent  water  departments  from  so  doing. 

I  am  very  glad  indeed  to  see  the  result  of  what  has  been  done 
by  the  underwriters'  association  that  Mr.  French  represents. 
Those  of  you  who  have  heard  him  discuss  this  question  before 
undoubtedly  recall  his  remarks  as  to  the  device  that  he  was  per- 
fecting or  getting  ready,  and  I  am  free  to  say  that  some  of  us, 
and  I  was  one  of  them,  thought  that  it  was  only  to  stave  off  the 
evil  day  when  meters  were  coming.  But  I  am  very  glad  to  find 
that  I  was  mistaken,  and  that  he  has  brought  out  a  device  that 
I  think  we  can  all  adopt.  I  think  we  may  feel  confident  that 
this  whole  evil  of  stealing  water  will  be  brought  very  close  to  an 
end,  at  least  where  politics  do  not  interfere  to  prevent.  Not 
only  are  the  Factory  Mutual  companies  entitled  to  a  large  amount 
of  credit  for  this,  but  I  think  that  this  association,  and  as  well 
the  American  Water  Works  Association,  can  take  a  good  deal  of 
credit  to  themselves  for  forcing  the  companies  to  produce  some- 
thing to  accomplish  th(^  eiul  for  which  we  have  been  seeking.  If 
we  had  kept  quiet  niid  ^\';lit(>(l  for  Mr.  I'rench  to  have  develojied 
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this  in  iiis  (nvii  .irocd  tinic.  it  ini<;ht  not  have  ^een  (levflopcl  within 
the  next  —  ivell.  six  or  eiiiht  months  at  least. 

Thk  Prksidkxt.     We  shoultl  like  to  hear  from  Mr.  Tilden. 

Mh.  ,].  \.  Tilden.*  ]\Ir.  President.  I  did  not  expect  to  have 
anything  to  say  to-day,  particularly  as,  ])eing  an  as.sociate,  I 
have  no  claim  on  your  time.  I  shoidd  like,  however,  if  you  please, 
to  correct,  not  what  Professor  Bemis  has  said,  but  to  correct  an 
erroneous  im]3ression  which  I  fear  has  been  derived  from  what 
he  did  sa>'.  The  Herse>-  Detector  Meter  to  which  he  referred 
was  not  of  the  commercial  form.  Professor  Bemis  up  to  the  pres- 
ent time  has  never  had  nor  seen,  except  in  the  exhibition  room 
here,  a  commercial  form  of  the  Hersey  Detector  Meter.  What 
we  did  do  was  to  send  to  him  at  his  refjuest  what  we  then  had  on 
hand,  which  was  a  detector  meter  in  the  process  of  development. 
This  meter  is  fully  explained  ii\  Mr.  Sullivan's  paper  (printed 
in  this  issue  of  the  Journal),  and  which  you  will  notice  is  there 
marked  "  4-inch  swing-check  device  (experimental)."  That  is 
the  one  which  Professor  Bemis  had,  a  style  which  has  been 
entirely  abandoned.     It  was  one  of  the  earlier  ex]:)eriments. 

I  think  1  risk  little  in  saying  that  in  all  the  series  of  experiments 
at  Lowell,  extending  over  many  months,  and  that  in  all  the  record 
of  use, —  and  I  can  see  gentlemen  here  who  have  these  meters 
in  actual  service  under  most  severe  water-hammer, —  no  one  has 
ever  known  of  such  a  thing  or  heard  of  such  a  thing  as  the  cheek 
unseating  from  water-hanmier.  The  detector  which  Professor 
Bemis  had  was  not  set  on  a  serA'ice  leading  to  the  building.  It  was 
set  on  a  pipe  leading  off  the  service  and  ])assing  to  a  dead  end, 
where  if  there  was  an}'  disturbance  at  all  it  would  be  felt  in  in- 
tensified form:  and,  as  1  have  before  said,  that  detector  was  simply 
put  out  as  an  experimental  device;  it  was  not  of  the  present  com- 
mercial form. 

I  do  not  know  what  I  am  expected  to  say  on  the  general  subject. 
There  has  been,  as  you  know,  a  very  earnest  effort  toward  the 
development  of  some  kind  of  a  metering  device  which  will,  as  far 
as  practicable,  meet  the  requirements  of  the  underwriter  and  of 
the  water-works  man.  The  reciuirements  are  very,  very  severe. 
The  underA\  riters  on  the  one  hand  say  that  you  must  not  put 

*  Mechanical  Engineer,  Hersey  Manufacturing  Company,  Boston. 
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anythins;  on  the  main  fire  line  uhich  will  in  any  degree  obstruct 
or  endanger  the  flow.  They  take  the  stand  of  absolutely  pro- 
hibiting, that  is,  so  far  as  lies  in  their  power, —  and  the  power  of 
raising  insurance  rates  is  something  tremendous,  —  anything  in 
the  shape  of  a  positive  meter,  either  piston  or  rotary.  The  current 
meter  is  to-day — well,  we  will  say  tolerated — tolerated,  that 
is,  by  the  underwriter.  The  current  meter  being  of  the  water- 
wheel  type  of  course  is  less  liable  to  obstruction,  but  all  the  com- 
mercial forms  are  provided  with  a  screen,  and  the  underwriter 
has  holy  horrors  at  the  idea  of  a  screen  on  the  fire  line;  because  in 
the  first  heavy  draft  incident  to  a  fire  there  will  pass  from  the 
mains  large  accumulations  of  sediment,  scale,  grass,  and  all  kinds 
of  things  which  are,  but  which  ought  not  to  be,  found  in  good 
water  supplies. 

So,  therefore,  in  the  attempt  to  work  out  this  problem  we  went 
to  the  underwriters,  and  we  said.  "What  Avill  you  allow?  We 
have  got  to  have  something  on  that  pipe  in  order  to  approximate 
some  kind  of  measurement,  in  order  to  luidertake  to  do  anything 
in  the  way  of  measuring  water."  .A.fter  it  A\-as  all  boiled  down 
it  seemed  that  about  the  only  thing  that  would  be  permissible 
would  be  a  self-acting  swing  check-valve,  just  such  as  i\Ir,  French 
uses  in  his  meter  and  just  such  as  is  used  in  the  Hersey  Detector 
Meter.  Now.  with  only  that  on  the  fire  line  the  question  of  ob- 
struction seems  to  be  settled,  that  is,  so  far  as  the  underwriters 
are  concerned. 

Then  comes  the  other  side  of  it  —  what  does  the  water- works 
man  want?  He  wants  to  measure  all  flows  down  to  a  gallon  or 
two  a  minute,  and  everything  over  that  clear  up  to  the  highest 
rate.  Bearing  in  mind  the  fact  that  fire  supplies  are  generally 
and  should  always  be  —  so  our  underwriting  friends  tell  us  and 
.so  our  water-works  friends  agree  —  used  for  fire  protection  only: 
bearing  in  mind  that  water  if  used  at  all  for  other  purposes  on 
those  lines  is  used  illegitimately,  and  bearing  in  mind  also  the 
fact  that  all  men  are  not  thieves,  that  there  are  not  10  per  cent, 
of  them  who  are,  —  not  one  per  cent,  we  hope,  —  there  is  a  very 
small  percentage  who  do,  we  are  forced  to  admit,  deliberate!}- 
take  water.  Thus,  there  is  a  very  large  percentage  of  fire  services 
which,  if  s\ipplied   with   soniething  in  the  shape  of  a  detecting 
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device,  would  seem  to  meet  the  requirements  of  the  water-works 
man.  Hence  the  development  of  the  detector  meter,  which  is  a 
device  which  will  measure  all  flows,  from  1  up  to  150  gallons 
a  minute,  and  which,  when  there  is  a  call  for  a  sudden  draft  for 
fire  or  other  emergency,  will  open  wide  and  give  unrestricted  fio^^■. 
No»v  Mr.  French  and  his  associates,  with  infinite  patience  and 
skill,  have  gone  still  further  than  we  have.  Our  device  and  the 
device  of  which  Mr.  French  has  spoken  are  parallel  up  to  a  certain 
point.  Both  have  the  weighted  differential  check- valve,  and 
both  have  the  by-pass  meter;  but  in  the  latter  device  they  go 
further  than  we  do.  While  we  measure  simply  the  water  passing 
through  the  by-pass,  they  measure  all  the  water.  If  as  a  matter 
of  record  it  is  desired  to  parallel  the  description  of  the  French 
device  with  a  description  of  ours,  I  will,  if  you  please,  submit 
i\Ir.  French's  report  on  the  Hersey  Detector  Meter,  as  prepared 
by  him  as  chairman  of  the  Private  Fire  Service  Committee  of  the 
National  Fire  Protection  Association,  and  which  he  presented 
to  the  association,  and  which  is  printed  in  the  1905  transactions, 
as  a  part  of  my  remarks,  giving  as  it  does  a  description  in  Mr. 
French's  own  language  of  the  Hersey  Detector  Meter. 

This  device  is  called  the  "  Hersey  Detector  Meter."  Its  object 
is  to  measure  accurately  drafts  up  to  about  one  hundred  and 
fifty  gallons  per  minute,  and  to  detect  and  exhibit  the  flow  of  an}" 
additional  quantity  in  excess  of  the  above  amount. 

The  device  consists  of  an  indicating  check-valve  in  the  fire-serv- 
ice main  and  a  meter  on  a  by-pass  around  it.  There  is  no  mechan- 
ism in  the  main  pipe  except  the  check-valve,  which  offers  no  objec- 
tionable resistance,  and  gives  a  practically  unrestricted  waterway 
for  use  in  case  of  fire. 

What  the  detector  does,  is,  first  to  cause  all  drafts  up  to  about 
one  hundred  an  dfifty  gallons  per  minute  to  go  around  through 
the  by-pass  meter,  where  they  are  all  measured;  second,  to  give 
a  positive  indication  that  while  this  is  going  on  the  check  is  closed; 
third,  to  give  a  positive  indication  if  the  draft  exceeds  150  gallons 
per  minute,  and  about  how  many  hours  such  an  excess  has  been 
going  on  and,  if  desired,  to  indicate  about  when  it  took  place. 

The  device  is  furnished  completely  assembled  so  that  it  may 
be  set  as  one  piece  in  the  main  pipe  line.  It  may  be  assembled 
so  that  the  by-pass  will  be  on  either  side  of  the  main  fire  line,  or 
on  top  or  underneath  if  more  convenient.  The  by-pass  is  con- 
trolled by  valves  so  as  to  permit  inspection  of  the  meter  without 
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closing  the  fire  line.  In  case  it  is  desired  to  use  the  whole  device 
in  place  of  the  main  >ard  check,  the  valve  on  the  mill  side  can  be 
a  check-valve. 

The  main  check-valve  is  provided  with  a  differential  seat  which, 
with  the  by-pass,  gives  an  initial  resistance  of  about  6  per  cent,  of 
the  available  pressure.  When  the  by -pass  meter  is  delivering 
about  one  huridrcd  and  fifty  gallons  per  minute,  the  friction  loss 
through  the  meter  reduces  the  back  pressure  on  the  check  to 
the  equalizing  point,  and  any  draft  in  excess  of  150  gallons  per 
minute  unseats  the  check  and  finds  unrestricted  passage  through 
it. 

The  moment  the  check  leaves  its  seat  a  small  amount  of  water 
flows  from  the  differential  seat  to  the  atmosphere  through  the 
small  indicating  meter,  and  this  meter  will  continue  to  run  as 
lorn',  as  the  check  is  off  the  seat. 

The  check  is  so  weighted  that  it  will  close  when  the  flow  drops 
somewhat  below  the  flow  which  caused  it  to  open. 

The  device  will,  therefore,  accurately  measure  all  leaks  or  ordi- 
nary small  drafts,  will  give  unrestricted  water-way  for  use  in 
case  of  fire,  and  v\ill  detect  and  show  if  water  has  been  used  in 
very  large  quantities,  giving  an  approximate  idea  of  the  length 
of  such  use,  and  of  about  when  such  drafts  occurred. 

Mr.  French.  Mr.  President,  if  I  may  take  one  more  minute 
I  want  first  to  pay  my  compliments  to  Mr.  Kimball.  Mr.  Kimball 
has  been  possibly  one  of  the  great  spurs  to  our  activity  in  this 
matter,  because  he  desired  to  measure  every  bit  of  water  down 
to  a  single  drop,  and  when  he  stood  at  Lowell  last  Saturday  and 
looked  down  on  that  meter  and  said  that  he  felt  that  it  would 
really  do  the  work,  it  was  the  top  notch  of  connnendation.  Noth- 
ing more  can  be  said. 

Now,  there  is  one  thing  whicli  would  l)e  of  a  good  deal  of  in- 
terest to  us.  I  should  say,  looking  at  it  broadly  and  putting 
aside  our  own  pride,  which  in  the  insurance  business  we  generally 
put  one  side,  that  we  should  like  very  nuich  to  know  the  general 
feeling  of  water-works  men  as  to  the  need  of  a  meter  to  measure 
all  flows.  This  meter  of  ours  might  in  a  way  be  designated  as 
the  "  all-flow  meter,"  or  some  such  thing  as  that,  —  we  are  trying 
to  think  of  a  good  name  for  it,  —  and  our  feeling  is  this:  that  a 
simple  "  detector  device  "  would  be  from  our  standpoint,  perhaps, 
less  objectionable  on  the  fire  service  than  this  which  has  something 
more  to  it.     That  is,  we- don't  want  anything,  and   the  less  we 
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have  of  s()tiu'thiii<j;  the  Ix'lter  w<'  will  like  it.  That  is  putting' 
aside  our  own  (levc^lopiiuMit,  "which,  oi'  course,  in  a  way  we  are 
quite  proud  of.  And  I  shouM  like  to  know  whether  in  the  judji- 
nient  of  water-works  men  a  simple  detector  de^'i(!e  Avhich  woidd 
measure  all  flows  up  to  say  150  gallons  a  minute,  and  Avhich  after 
that  would  merely  indicate  that  there  had  been  large  Hows,  doing 
simply  what  the  Hersey  Detector  does  ^  whether  that  would 
not  in  a  great  many  cases  be  all  that  was  necessary.  And  if  it 
woukl  be  all  that  is  necessary  it  certainly  is  the  simplest  thing. 
We  have  discussed  that  among  ourselves,  and  we  simply  stuck 
to  our  goal.  We  started  in  with  the  idea  of  making  a  meter  which 
would  measure  everything,  and  we  thought  we  woukln't  stop 
until  we  got  there;  but  that  does  not  mean  that  in  practical  use 
something  even  less  extensive  might  not  be  just  as  good  and, 
being  simpler,  perhaps  better.  It  would  be  quite  interesting  to 
us  to  know  the  general  feeling  on  that  line. 

Mr.  Georgk  a.  Stacy.*  We  haven't  as  yet  had  any  of  these 
troubles  in  Marlboro.  Of  course  we  are  interested  in  this  matter, 
however,  for  we  don't  know  how  soon  it  may  be  up  to  us.  All  of 
our  factories  have  sprinkler  systems,  and  some  of  them  have 
three  and  some  have  four  connections,  and  I  can  say  that  up  to 
the  present  time  we  do  not  know  of  a  single  instance  where  any 
water  has  been  stolen  from  us.  There  has  been  only  one  instance 
during  an  experience  of  twenty-two  or  twenty-three  years  when 
we  have  had  any  suspicion  that  water  was  being  stolen. 

The  President.     We  should  like  to  hear  from  Mr.  Nash. 

Mr.  Lewis  H.  NASH.f  I  do  not  feel  that  1  can  add  ^inything 
to  the  discussion,  for  the  reason  that  I  came  into  this  matter  a 
little  late.  I  think  some  of  our  friends  had  been  working  on  this 
problem  a  year  or  two  before  it  ])resented  itself  to  me  as  one  which 
needed  attention.  Some  years  ago,  however,  I  made  some  ex- 
periments in  proportional  meters,  and  during  that  time  I  went 
over  ground  very  similar  to  this.  In  fact  I  made  use  of  a  great 
number  of  different  methods  of  obtaining  proportional  measures, 
and  in  one  of  those  devices  a  weighted  valve  was  used,  which 
weighted  valve  was  governed  Ijy  the  flow  of  the  water,  and  the 

*  Superintendent  of  Water  Works,  Marlboro,  Mass. 
t  Mechanical  Engineer,  National  Meter  Company. 
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device  was  expected  to  register  upon  a  drum  so  as  to  give  the 
amount  of  water  in  proportion  to  the  openijig  of  the  valve.  That 
was  a  good  many  years  ago  and  the  thing  was  laid  on  the  shelf 
then  because  at  that  time  I  did  not  think  it  was  a  device  which 
was  needed.  But  there  was  enough  done  by  me  at  that  time  to 
make  me  certain  that  something  in  this  line  will  be  successful, 
and  as  I  listened  to  Mr.  French's  j^aper  it  seemed  to  me  that  he 
has  come  to  the  best  solution  which  has  been  brought  forward, 
so  far  as  1  know. 

Of  course  the  success  of  the  device  will  depend  very  largely  upon 
how  the  mechanism  is  constructed  and  how  durable  it  would  be, 
and  upon  points  like  that,  which  nothing  but  experience  can 
determine.  As  I  understand  the  prol^lem,  the  intention  of  the 
insurance  people  was  first  to  stimulate  the  thought  of  those  who 
are  manufacturing  meters,  to  see  if  something  could  not  be  pro- 
duced which  would  be  satisfactory  to  them,  and  they  having 
failed  in  the  first  place  to  exhibit  that  interest,  the  insurance 
people  have  taken  up  the  problem  themselves,  and  I  think  they 
are  to  be  congratulated  upon  their  success,  so  far  as  it  has  l^een 
shown  here  to-day.  I  suppose  perhaps  some  of  us  meter  people 
will  now  "get   a  move  on." 

Mr.  Robert  J.  Thomas.*  ]\Ir.  President,  it  seems  to  me  that 
both  the  detector  and  the  meter  which  Mr.  French  has  described 
will  have  their  place  in  the  metering  of  fire  services.  In  a  great 
many  cases  the  detector  will  answer  the  purpose  perfectly,  and 
in  other  cases  it  will  be  necessary  to  have  all  the  water  supplied 
through  a  fire  service  metered.  This  matter  of  metering  fire 
services  has  been  agitated,  as  you  know,  for  two  or  three  years, 
and  was  referred  to  a  committee,  of  which  1  am  a  member,  and  we 
haA^e  made  two  or  three  reports.  To-day,  owing  to  the  absence 
of  ]Mr.  Crandall,  the  chairman  of  the  committee,  we  haven't  any 
written  report  to  make.  The  Avork  of  the  committee  has  been 
fruitful;  there  is  no  question  about  that.  The  results  are  known 
to  those  of  the  members  who  have  kept  in  touch  with  this  matter. 
I  think  the  paper  of  Mr.  French  is  an  indication  of  the  good  work 
that  was  started  by  this  Association  and  carried  along  to  a  great 
extent  by  your  committee.     The  paper  read  by  Mr.  Sullivan  last 

*  Superintendent  of  W:iter  Works.  Lowell,  Mass. 
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Marcli,  and  the  paper  read  previously  by  Mr.  Kimball  were  in- 
directly the  result  of  the  work  of  the  committee.  That  is  to  say, 
Mr.  Kimball,  representing  General  Wheeler  of  the  committee, 
made  the  tests  at  KnoxA'ille  of  meters  for  fire  services.  Mr. 
Sullivan  at  Lowell,  representing  myself  and  the  members  of  the 
Lowell  Water  Board  who  were  interested  in  this  matter,  made  the 
tests  in  Lowell  in  order  to  find  out  the  best  type  of  machine  (U* 
device  for  measuring  fire  services. 

The  fact  that  water  supplied  through  fire  services  should  be 
metered  was  recognized,  1  suppose,  by  all  the  members.  In  our 
previous  discussions  of  the  subject  in  this  Association  there  was 
hardly  a  dissenting  voice  as  to  the  necessity  and  the  importance 
of  a  water-works  department  knowing  the  amount  of  water  which 
was  being  used  by  factories  and  power  stations  and  various  es- 
tablishments which  were  supplied  by  pipes  6,8,  10.  and  12  inches 
in  diameter.  It  has  been  well  recognized  that  there  is,  to  say 
the  least,  a  great  waste  of  water,  a  great  waste  of  a  valuable  com- 
modity, which  water  becomes,  especially  when  it  is  pumped, 
through  these  fire  services. 

It  appears  noAV  that  Mr.  French  is  just  as  ardent  a  su])porter 
of  metering  fire  ser\ices  to-day  as  any  water- works  man,  and  for 
the  reason  that  he  believes  it  is  for  the  interests  of  the  insurance 
people  to  have  them  metered.  You  notice  what  he  said  about 
the  importance  of  having  the  fire  service  used  exclusively  for  fire 
purposes.  He  told  you  of  an  instance  where  they  were  using 
water  for  other  than  fire  purposes  and  they  were  al)le  to  get  (.)nly 
two  fire  streams  at  the  time  of  a  fire  when  they  should  liave  had 
four  streams.  That,  of  course,  is  a  very  important  matter  in  the 
estimation  of  the  insurance  men,  and  of  water-works  men  also,  for 
we  all  agree  that  a  fire  service,  intended  for  the  extinguishment 
of  fire,  should  L^e  as  complete  and  perfect  as  possible  and  ready 
whenevei  it  is  needed.  The  use  of  water  for  other  than  fire  jiur- 
])oses  interferes  with  the  efficiency  of  the  fire  services,  and  it  may 
j^ractically  destroy  it  at  the  time  of  the  greatest  need.  Now, 
if  you  put  a  meter  on  the  service  and  measure  the  water  and 
make  a  concern  wiiich  is  using  the  Avater  illegitimately  pay  for  it, 
the  chances  are  that  they  will  not  use  it  to  the  extent  that  they 
have  been.     Thev  certainlv  will  not  use  it  to  the  extent  that  thev 
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do  when  they  get  it  for  nothing,  as  they  are  in  a  great  many  cases 
from  probably  e^-ery  water-works  department  in  the  country 
that  is  supplying  large  fire  pipe  lines. 

The  American  Water  Works  Association  has  taken  about  the 
same  position  that  the  New  England  Water  Works  Association 
has  on  this  matter,  and  has  voted  in  favor  of  meters.  The  com- 
mittee of  the  American  Water  Works  Association  has  come  to 
the  same  conclusion  that  your  committee  has,  and  there  seems 
to  be  quite  a  unanimity  of  feeling  that  fire  services  shoukl  be 
metered,  either  by  meters  measuring  all  the  water  flowing  through 
them,  or  by  detectors  which  will  detect  the  fact  that  a  concern 
which  is  given  the  privilege  of  a  fire  service  is  abusing  it,  and  then 
the  city  department  or  the  water  company  can  reckon  with  them 
and  make  them  pay  for  the  water  used,  or  else  make  arrangements 
so  that  it  will  be  impossible  for  the  water  to  be  used  in  the  future. 

Another  matter  witli  regard  to  fire  services.  It  is  well  under- 
stood, of  course,  that  the  city  is  willing  at  all  times  (and  the 
private  water  companies,  too),  to  go  to  quite  an  expense  to  put 
pipe  into  the  different  mill  yards,  and  not  only  into  mill  yards,  for 
we  have  breweries  supplied  with  fire  services  as  well  as  cotton 
mills  and  woolen  mills  and  wood-working  establishments.  All 
kinds  of  j)roi)erty  are  supplied  with  fire  services,  so  this  is  not  in- 
tended to  appl>'  to  any  particular  industry;  they  all  need  water, 
and  you  ^\'ill  find  that  the}-  all  use  it,  particularly  if  they  can  with- 
out paying  for  it.  Now.  as  I  say,  the  city  is  at  all  times  reach- 
to  furnish  a  supply  of  water  for  the  purpose  of  extinguishing 
fires;  but  at  the  same  time  the  laying  of  large  mains  into  ])rivate 
concerns  is  a  privilege  they  are  getting  from  the  city,  and  that 
privilege  should  not  be  abused. 

Now,  if  there  is  some  safeguard,  such  as  the  meter  .Mr.  French 
has  told  us  about,  or  the  Hersey  Detector,  or  some  other  device, 
why  should  it  not  be  put  upon  the  fire  services  to  prevent  their 
abuse,  and  to  give  the  water  department  the  knowledge  which 
they  have  in  every  other  case?  As  a  rule  now  tiie  custom  is  not 
to  supply  water  to  a  private  dwelling  without  a  meter,  and  if  we 
are  so  careful  in  regard  to  sup]:)lying  private  houses,  tenement 
))ro])erty  .etc..  witli  water,  t')  know  wl^fM-o  the  water  goes  an'l  to  put 
a  meter  on.  we  certainlx'  shouU  be  just  as  careful  to  ascertain  what 


DISCUSSION.  315 

becomes  of  the  water  and  how  much  of  it  is  used,  which  goes 
through  a  6-,  S-,  10-,  or  12-inch  pipe.  The  size  of  the  main  should 
not  be  an  argument  against  putting  on  a  meter. 

We  have  a  hirge  concern  in  Lowell  which  had  three  fire  services 
put  into  their  premises,  two  8-inch  and  one  6-inch,  and  they  had 
probably  thousands  of  feet  of  pipe  laid  through  their  yard.  They 
wanted  another  service  put  in;  the  water  board  told  them  that 
in  order  to  have  that  other  fire  service  they  would  have  to  have  all 
their  services  metered.  They  looked  up  the  price  of  meters  and 
found  it  would  cost  about  two  thousand  dollars,  and  the  agent 
of  the  concern  said,  "  That  is  quite  a  bill  for  us  to  pay,  and  cpite 
a  hardship."  I  thought  so  myself,  and  so  flid  the  board,  but  they 
had  to  begin  somewhere  and  here  was  an  opportunity,  and  they 
said,  "  You  shall  not  have  this  extra  supply  of  water  unless  you 
metei  the  others." 

They  were  insured  with  the  Factory  Mutuals;  and  by  the  way, 
the  Factory  Mutuals,  as  we  all  understand,  are  one  of  the  greatest 
insurance  organizations  in  this  country,  and  when  a  representa- 
tive of  that  company  advocates  meters  it  means  a  good  deal. 
They  consulted  the  Factory  Mutuals,  ami  in  a  short  time  I  heard 
from  Mr.  French.  He  said,  "  The  Lowell  Bleacherv  telephoned 
to  me  with  regard  to  having  some  meters  put  on."  I  told  him 
the  exact  condition  of  affairs  and  he  said  he  would  recommend 
that  the  concern  discontinue  one  of  the  services  and  meter  the  two 
8-inch  services,  and  also  that  the  new  service,  which  was  to  supply 
a  cistern,  should  be  metered.  And  the  company,  T  am  pleased  to 
say,  shortly  afterwards  made  an  application  for  the  meters,  one  on 
the  new  service,  and  two  8-inch  detector  meters.  We  have  metered 
quite  a  number  within  the  last  couple  of  weeks  and  expect  to 
continue  the  work.  It  seems  now  if  any  water-Avorks  superinten- 
dent thinks  his  city  or  company  is  being  robbed,  or  that  there  is 
a  great  waste  of  water  —  I  won't  .say  they  all  steal  the  water,  for 
we  find  in  a  number  of  cases  the  owners  of  the  property  don't  know 
that  the  water  is  being  used,  but  some  subordinate  finds  it  to  his 
advantage  to  use  it  and  uses  it  without  consulting  the  owner  — 
there  is  nothing  to  hinder  him  from  putting  on  a  meter.  The 
owner  of  the  concern  cannot  go  back  to  the  old  argument  that  the 
insurance  company  won't  allow  it. 
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Mr.  French.  I  should  like  to  make  it  very  clear  that  the  two 
meters  which  were  put  on  in  Lowell  were  the  detector  type  of 
meters.  That  was  the  one  restriction  we  made,  and  it  was  a 
restriction  which  J\Ir.  Thomas  and  the  water  board  were  very 
willing  to  agree  to.  Mr.  Thomas  stated  that,  but  I  should  like 
to  make  it  a  little  clearer.  We  really  haven't  c|uite  come  to  the 
position  yet  where  we  are  advocating  putting  meters  on  every 
fire  service,  although  we  have  come  a  long  way,  perhaps,  from  where 
we  used  to  be.  I  think  our  feeling  is  this:  that  certainly  our  own 
device,  and  I  think  I  may  say  the  Hersey  device,  which  happens 
to  be  the  only  one  now  available,  both  yet  lack  long  experience. 
My  own  feeling  is  that  there  are  a  good  many  small  and  simple 
fire  services  which  can  be  trusted  to-day,  and  that  it  would  be 
prudent  and  reasonable  on  the  part  of  all  of  us  not  to  insist  on 
metering  right  away  everything  that  we  can  see.  We  will  not  ob- 
ject to  metering  fire  services  in  places  where  it  seems  necessary 
with  some  devices  of  this  kind,  but  we  should  like  to  have  the 
work  go  on  slowly  enough  so  that  we  might  find  out  any  little 
difficulties  which  experience  almost  always  develops  in  the  working 
of  even  the  best  thought-out  device.  We  should  like  to  get  a 
little  of  that  experience  before  we  have  a  veiy  large  number  of 
them  in  use.  Of  course  in  a  year  we  will  get  a  good  deal  of  ex- 
perience. I  mention  this  for  the  reason  that  I  believ?  that  there 
are  a  great  many  small  plants  and  some  larger  ones  having  new 
equipments  that  are  perfectly  simple,  whe.'e  perhaps  it  is  not 
necessary  to  clap  on  a  meter  immediately.  I  think  it  would  per- 
haps be  only  reasonably  conservative  to  take  the  few  worst  places 
in  any  district  until  we  get  a  bit  of  experience,  and  then  we  may 
perhaps  hereafter  be  willing  to  go  as  much  further  as  is  necessary. 

Mr.  Bemis.  Where  cities  are  putting  meters  on  at  the  ex- 
pense of  the  department  but  haven't  meteied  the  fire  services, 
I  suppose  Mr.  French  has  no  objection  to  our  requiring  the  con- 
sumer, in  the  case  of  fire  services  at  least,  to  pay  for  a  detector 
meter  or  for  his  meter? 

^Ir.  French.  We  really  do  not  care  who  pays  for  it.  That 
is  purely  a  question  of  practice  in  the  city.  Some  cities  buy  the 
meters,  1  believe,  and  others  make  the  consumer  pay  for  thorn. 
It  is  quite  inimatorial.  of  cniu'se.  from  our  standpoint. 
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Mr.  F.  a.  W.  Davis.*  My.  President,  I  am  heartily  in  favor 
of  any  device  ^vlli(•ll  will  prevent  water  beinjj;  used  surreptitiously 
in  a  factory;  but  there  is  one  feature  of  this  Avhole  subject  which 
should  not  be  overlooked  by  the  water  departments.  The  re- 
quirements of  the  insurance  companies  are  for  larger  mains,  in- 
creasing the  size  constantly.  Now,  can  the  departments  afford 
to  do  that?  I  do  not  mean  in  the  way  of  furnishing  a  watei'  supply, 
but  can  they  afford  to  jeopardize  the  balance  of  their  systems  and 
their  o])ligations  to  the  public  at  large?  And  when  they  put  a 
main  into  a  factory,  which  in  the  event  of  a  fire  may  be  broken 
and  destroy  the  pressure  in  the  neighborhood,  that  should  be 
considered  in  talking  about  furnishing  inside  fire  protection.  Mr. 
Kimball  has  had  some  experience  on  that  line,  and  I  have  known 
a  number  of  cases  where  the  pressure  has  been  so  reduced  hx  a 
broken  pipe  as  to  make  the  department  almost  helpless. 

Mr.  French.  Mr.  Davis  has  struck  on  a  very  vital  point  for 
the  water  department  and  for  the  protected  risk,  and  I  want  to 
mentio]!  one  or  two  things  which  in  a  way  are  on  the  other  side. 
First,  I  should  like  to  say  this:  That  I  believe  that  any  fire  pro- 
tecti(Mi  engineer  who  is  true  to  his  calling  will  never  put  a  pipe 
into  a  building  the  breaking  of  which  would  cripple  the  fire  service. 
It  is  one  of  the  cardinal  principles  of  fire  protection  engineering 
that  every  large  pipe  going  into  a  building  shall  have  a  properly 
located  outside  shut-off.  In  our  own  work,  where  we  are  dealing 
largely  and  almost  entirely  with  mill  yards,  we  usually  provide 
a  gate  in  the  yard  with  an  indicator  post  standing  up  above  the 
snow  line  and  very  accessible.  We  have  done  that  for  years  for 
our  own  protection.  In  the  early  days  we  had  several  mills  burn, 
and  the  breaking  of  the  pipe  destroyed  the  protection  of  the  rest 
of  the  yard.  Those  were  mills  in  the  country  and  they  were  de- 
pendent on  their  own  supply  for  protection.  But  it  is  just  as 
necessary  to  avoid  that  danger  in  the  city  as  it  is  in  the  country, 
and  we  invariably  put  not  only  a  gate  on'  the  service  from  the 
city,  but  a  gate  on  every  connection  going  into  every  building, 
and  we  locate  that  gate  outside  of  the  building  in  such  a  position 
that  we  believe  it  will  always  be  accessible  even  if  the  building 
which  the  supply  protects  is  on  fire. 

*  President,  Indianapolis  Water  Company,  Indianapolis,  Ind. 
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The  next  point  is  this:  That  in  a  city  (I  think  a  careful  study 
of  the  records  will  prove  this  absolutely)  the  risk  that  is  sprinklered 
is  the  one  which  is  least  likely  to  cause  a  bad  fire,  or  to  cause 
the  start  of  a  bad  fire.  At  lialtiniore  I  have  no  hesitation  in  say- 
ing that  had  the  risk  in  which  the  fire  started  been  sprinklered 
the  Baltimore  conflagration  would  not  have  occurred.  As  it  was, 
the  fire  came  up  to  two  large  sprinklered  buildings,  which  were  in- 
sured in  some  of  the  mutual  companies,  and  the  sprinklers  in 
those  buildings  stopped  the  fire,  so  that  those  buildings  marked 
the  boundary  line  of  the  fire  in  their  direction.  At  Toronto  the 
same  thing  occurred.  The  fire  came  up  to  one  building  and  got 
into  it.  The  water  supply  was  pretty  good  but  it  was  not  suffi- 
cient to  check  the  effect  of  the  terrific  heat,  and  the  roof  was 
burned  off;  but  the  operation  of  the  sprinklers  introduced  the 
element  of  delay  at  that  point  which  enabled  the  fire  depart- 
ment to  check  the  fire  there.  So  it  seems  to  be  true  that  while 
the  private  fire  service  does  put  a  large  pipe  into  a  building,  it  at  the 
same  time  immensely  reduces  the  chance  of  a  fire  in  that  building 
assuming  dangerous  proportions;  and,  furthermore,  it  makes  the 
building  a  strong  barrier  against  even  a  conflagration  which  is 
coming  toward  it. 

Looking  at  the  thing  broadly,  and  understanding  that  the 
water-works  man  feels  it  is  his  duty  to  prevent  fires,  there  is  no 
better  way  of  doing  this  than  by  eciuipping  buildings  with  auto- 
matic sprinklers,  and  to  be  serviceable  they  must  have  a  large  water 
supply  at  a  reasonably  good  pressure.  So  we  must  remembe  ■  that 
while  we  possibly  introduce  a  danger  when  we  sprinkle  a  liuilding 
and  carry  a  large  pipe  into  it,  we  on  the  other  hand  very  much 
reduce  the  chance  of  a  bad  fire.  And  I  think  there  can  be  little 
doubt  in  the  minds  of  those  who  study  the  action  of  sprinklers, 
that  if  all  tlie  buildings  in  a  city  were  sprinklered  the  conflagra- 
tion luizard  would  be  absolutely  eliminated.  That  is  the  position 
practically  of  miderw.nters  of  all  kinds  whether  of  stock  or  mutual 
companies. 

There  is  yet  another  point  to  be  considered  here.  I  suspect 
that  in  many  cases  the  connections  which  have  broken  and 
made  trouble  have  been  elevator  connections  or  .something  of  that 
kind.  ;ui(l   1   think  it  is  quite  as  necessary  for    the  water-works 
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engineer  to  give  careful  attention  to  all  of  his  large  services  as  it 
is  to  single  out  those  intended  solely  for  fire  protection. 

Mr.  Morris  U.  Shkrri:rd.*  What  Mr.  French  has  just  said 
may  perhaps  be  true  from  the  point  of  view  of  the  Factory  Mutu- 
als,  but  I  want  to  add  a  word  in  support  of  the  position  Mr.  Davis 
has  taken.  I  find  that  many  of  the  insurance  peo])le  are  very 
unreasonable  about  the  size  of  the  fire  connection  they  request, 
the  property-owners  to  proA'ide.  Invariably  they  want  it  as 
large  as  the  size  of  the  main  in  the  street,  up  to  twelve  inclies. 
If  there  is  a  twelve-inch  main  in  the  street  they  will  ask  the  pro- 
prietor of  a  large  department  store,  for  instance,  to  install  a  tAvelve- 
inch  pipe.  We  have  adopted  a  rule  in  Newark  to  lay  from  our 
high-pressure  fire  system  nothing  larger  than  six-inch  connections. 
If  the  owner  of  a  large  building  wants  to  put  in  a  sprinkler  system, 
and  the  insurance  people  reciuire  a  greater  supply  than  a  six-inch, 
we  will  allow  another  six-inch  connection  which  shaU  be  located 
in  a  different  part  of  the  building,  so  that  in  case  a  fire  gets  beyond 
contr(^l,  a  falling  wall  would  not  be  likely  to  break  ])()th  connec- 
tions and  thereby  seriously  affect  the  general  protection.  Of 
com\se  I  can  appreciate  that  it  is  of  advantage  to  the  city  to  have 
these  large  Iniildings  properly  protected  by  sprinklers,  but  some 
of  the  representatives  of  the  insurance  companies,  I  am  sorry  to 
say,  impress  me  as  only  considering  the  j^articular  risk  upon  which 
they  are  working,  and  arbitrarily  demand  as  large  a  connection, 
even  from  high-pressure  lines,  as  was  formerly  requested  from 
the  regular  service. 

Mr.  W.  C.  HAWLKY.f  Answering  the  inquiry  which  Mr.  French 
made  regarding  the  matter  of  preference  between  these  two  de- 
vices which  are  before  us,  personally  I  cannot  see  very  much  to 
be  gained  by  a  device  which  measures  all  flows  of  water  imless  in 
cases  where  water  which  may  be  used  in  a  fire  is  paid  for  on  the 
basis  of  the  quantity  used.  The  other  device  measures  what  is 
wasted  or  what  is  stolen,  and  it  seems  to  me  that  that  is  the  im- 
portant thing  for  us  to  know. 

The  report  of  the  committee  this  morning  regarding  the  method 
of  charging  foi  metered  water,  and  the  point  that  we  have  reached 

*  Chief  Engineer,  Water  Department,  Newark,  N.  ,7. 

t  General  Superintendent,  Pennsylvania  Water  Company,   W.)l- iiislmrL'    I'a 
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in  this  discussion.  ])rings  a  matter  to  the  attention  of  this  Associa- 
tion which  should  l)e  taken  up.  and  that  is  the  proper  basis  on 
which  to  estimate  the  value  of  fire  protection  to  manufactur- 
ing or  other  concerns  that  have  special  protection.  At  present 
there  are  various  ways  of  measuring  it.  Sometimes  it  is  to  count 
the  number  of  hydrants  and  the  number  of  sprinkler  heads  and 
charge  so  much  for  each;  sometimes  it  is  simply  a  flat  rate,  with- 
out any  particular  method  of  getting  at  it.  If  w^e  could  get  as 
satisfactory  a  solution  of  it  as  has  been  presented  by  the  committee 
of  the  problem  of  meter  rates,  it  would  be  an  excellent  thing  for  all 
who  have  this  subject  confronting  them.  I  would  move,  there- 
fore, that  a  committee  of  five  be  appointed  to  consider  this  matter 
and  report  at  some  future  meeting  of  the  Association. 

Mr.  Sherman.  If  I  am  not  laboring  under  a  misapprehension. 
^Ir.  President,  that  \'er3'  subject  is  among  those  referred  to  oiu- 
present  conmiittee  on  fire  services,  which  was  scheduled  to  report 
to-day,  but  which,  as  Mr.  Thomas  has  told  us,  will  bs  unable  to 
report  on  account  of  the  absence  of  the  chairman,  Mr.  Crandall. 

!\Ir.  T.  H.  McKexzie.  I  certainlv  approve  of  Mr.  Hawley's 
motion.  It  seems  to  me  the  old  committee  is  rather  avoiding 
the  main  question  of  reconnnending  rates  for  fire  services.  They 
get  off  on  to  other  subjects  and  do  not  quite  come  to  the  point  of 
recommending  rates  for  sprinklers  and  hydrants  and  other  methods 
of  fire  protection. 

Mr.  Hawley.  When  I  brought  up  this  matter  I  did  not  know 
that  it  was  being  considered  by  any  committee.  If  that  is  the 
case  I  will  withdraw  my  motion,  but  I  certainly  think  this  is  a 
matter  which  should  be  given  attention,  and  that  the  Association 
in  the  discussion  of  this  general  subject  has  now  reached  a  point 
where  this  specific  matter  should  be  taken  up.  I  will  make 
the  motion  that  the  committee  consider  and  report  a  method  or 
methods  by  which  the  value  of  fire  protection  can  be  estimated. 

Mr.  Hi'GH  McLean.*  In  our  city  we  find  them  coming  out 
into  the  mill  yards  and  putting  their  fire  hose  on  to  the  h}'drants. 
In  New  England  cities  like  Holyoke,  and  other  cities  where  they 
use  water  for  power  a  great  deal  of  the  time,  when  the  water-power 
plant  is  shut  down  they  find  it  convenient  to  attach  the  hose  to 

*  Member  Water  Board,  Holyoke,  Mass. 
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the  rity  su])i)ly  to  <iet  \vater  to  wash  up  with,  and  there  is  a  great 
deal  of  water  used  in  tliat  way.  We  liave  been  trying  hard  to  get 
at  some  method  of  putting  a  meter  on  the  fire  service  so  as  to  stop 
that.  Our  ordinary  consumption  is  from  70  to  75  galh)ns  per 
capita  between  the  liours  of  one  and  five  in  the  morning.  We 
sent  men  to  go  through  the  mills,  and  the  owners  put  them  out 
or  wouldn't  let  them  go  through.  Then  we  got  an  opinion  from 
the  city  solicitor  which  forced  them  to  allow  the  inspectors  to  go 
through.  I  want  to  sa}'  in  behalf  of  the  manufacturers  that  I 
do  not  think  they  themselves  are  responsible.  We  have  had 
letters  of  apology  from  the  leading  mill  superintendents.  But 
it  is  certainly  very  convenient  for  the  employees  to  use  the  water. 
I  know  when  I  was  a  boy  and  worked  in  a  paper  mill  it  used  to 
be  very  convenient  for  me  to  get  hold  of  a  hose  and  wash  down 
the  screens  and  the  wares  and  do  the  general  cleaning  up,  and  it 
is  a  habit  now,  and  we  want  to  find  out  some  way  of  stopping  it. 
Applying  a  meter  on  all  fire-service  connections  in  mills  will  do  it. 
So  if  it  is  possible  for  this  Association  to  go  on  record  in  favor  of 
a  meter  which  can  be  immediately  applied,  w^e  would  like  to  take 
advantage  of  it. 

Mr.  Hawley's  motion  was  adopted. 

Mr.  Stacy.  I  consider  this  last  question  which  has  been  before 
us,  and  wiiich ,  as  1  understand,  has  been  referred  to  the  committee, 
a  A'ery  vital  one.  It  is  something  which  has  been  before  the 
Association  for  c[uite  a  while.  I  do  not  know  of  anything  that 
this  Association  has  ever  taken  up  that  it  has  not  carried  through, 
as  is  illustrated  b\'  the  matter  of  the  metering  of  fire  services  which 
our  committee  has  very  efficiently  forced  to  an  issue,  in  one  sense 
of  the  wan-d.  And  now  I  Avould  move  that,  in  ordej  to  strengthen 
the  committee  still  further,  ^Ir.  Batchelder  of  Worcester,  water 
commissioner,  be  added  to  it,  for  he  is  a  man  who  has  had  a  good 
deal  of  experience  along  this  line. 

The  President.  That  would  make  a  committee  of  four; 
shouldn't  there  be  five? 

Mr.  Stacy.  I  would  suggest  that  Mr.  McLean  of  Holyoke  also 
be  added. 

It  was  voted  that  ]\Ir.  George  W.  Batchekler  and  Mr.  Hugh 
McLean  be  added  to  the  committee. 
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■  REPORT  OF  THE  COMMITTEE  ON  METER  RATES. 

FREEMAN    C.    COFFIN,  CALEB    MILLS     SAVILLE,    HENRY  V.    MACKSEY, 
FRANK    E.    MERRILL,    CHARLES    F.    KNOWLTON,    Committee. 

[Report  presented  September  IS,  190d.'\ 

To  the  New  England  Water  Works  Association: 

There  are  indications  that  a  point  has  now  been  reached  in  the 
history  of  water  meters  from  which  there  will  be  a  greatly  accel- 
erated increase  in  their  use.  The  fact  is  undoubtedly  established 
in  the  minds  of  water-works  men  that  the  general  use  of  meters 
prevents  most,  if  not  all,  of  the  waste  of  water  in  the  houses  of 
consumers,  and  that  it  does  not  restrict  a  liberal  use  of  water  for 
all  legitimate  purposes.  There  is  still,  however,  an  honest  dis- 
inclination to  adopt  meters,  arising  largely,  it  seems,  from  the 
fact  that  so  little  can  be  predicted  of  the  effect  of  their  general 
use  upon  revenue,  and  from  the  difficulty  of  devising  rates  that 
will  be  just  and  fair  to  all  classes  of  consumers. 

There  is,  of  course,  the  ignorant  opposition  based  upon  the 
belief  that  metere  will  make  water  scarce  and  high,  and  the  oppo- 
sition that  seeks  political  advantage  by  the  false  cry  of  a  free  and 
abundant  supply  of  water,  neglecting  the  fact  that  in  few,  if  any, 
works  is  there  any  charge  whatever  for  water  itself,  but  only  for 
bringing  it  to  the  consumer  at  less  expenditure  of  time  and  money 
than  he  could  bring  it  from  a  pump  in  his  yard,  if  the  well  and 
pump  were  furnished  to  him  without  cost. 

There  is  still  a  strong  disinchnation  to  adopt  a  meter  system 
rather  than  provide  at  much  larger  cost  a  new  supply  or  additional 
piping  or  pumps  when  the  available  supply  is  getting  short. 
This  is  largely  due,  however,  to  a  natural  preference  for  a  ''  sure 
thing."  As  further  experience  shows  that  the  use  of  meters  is 
certain  to  reduce  a  large  per  capita  consumption  of  water,  and  fur- 
nishes us  with  absolute  data  from  which  to  estimate  what  it  will 
<!<>  ill  this  r('s|)('ct .  this  ohslnclc  lo  ilw'w  :uh)ptioii   will  disappear. 
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If,  then,  methods  of  fixing  meter  rates  were  available  by  which 
the  problems  and  difficulties  now  attending  the  change  from 
fixture  rates  to  meter  rates  could  be  eliminated  or  greatly  les- 
sened, the  general  use  of  meters  would  make  rapid  progress. 

Your  committee  believes  that  its  proper  work  lies  in  this  direc- 
tion: namely,  of  suggesting,  if  possible,  some  method  or  methods 
for  fixing  rates  that  will  avoid  some  of  the  difficulties  now 
apparently  inherent  in  the  change  to  meters,  and  which  those 
works  already  having  a  partially  metered  system  will  find  more 
satisfactory  for  an  entirely  metered  system  than  the  rates  now 
in  use. 

The  committee  does  not  believe  that  it  is  desirable  to  attempt 
to  fix  a  scale  of  prices.  In  its  opinion  this  would  be  most  im- 
practicable, and  no  such  scale  could  be  devised  that  would  meet 
with  general  adoption.  It  is  desirable,  however,  to  establish 
some  basis  upon  which  a  scale  of  prices  can  be  devised  for  any 
particular  sj^stem.  giving  consideration  to  the  conditions  prevailing 
in  such  system. 

Desiring  to  do  its  work  with  as  full  knowledge  of  present  prac- 
tice and  its  results  as  possible,  the  committee  sent  blanks  asking 
for  information  and  statistics  relating  to  the  meter  system  in  the 
works  under  their  charge  to  the  members  of  the  Association,  and 
received  seventy-two  replies.  This  information  has  been  tabu- 
lated as  far  as  seemed  desirable,  and  this  tabulation  and  a  general 
summary  of  some  of  the  results  are  appended  to  this  report. 

The  committee  then  took  up  the  question  and  tried  to  ascertain 
just  the  problem  that  was  before  it,  and  gives  the  following  as  its 
conception  of  it. 

THE    PROBLEM. 

The  problem  is  to  devise  a  method  or  methods  by  which  meter 
rate's  can  be  arranged  that  will  most  nearly  meet  the  following 
requirements,  and  do  so  with  substantial  justice  to  all  classes  of 
consumers  and  the  greatest  possible  simplicity  of  operation. 

REQUIREMENTS. 

First,  to  insure  a  sufficient  revenue  to  meet  the  tlemands  of 
the  system,  whether  it  be  a  mimicipal  system,  operated  practi- 
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cally  at  cost,  or  a  system  owned  by  a  ])rivato  comjjany  upon  which 
a  reasonable  i>rofit  must  be  secured. 

If  a  sum  is  raised  by  taxation  for  fire  i)rotection  (as  there 
always  should  be  if  justice  is  to  be  done  between  consumer  and 
taxpayer),  that  sum  must,  of  course,  be  deducted  from  the  amount 
of  the  total  maintenance  to  find  the  amount  necessary  to  be 
raised  In-  meter  rates. 

Second,  the  method  should  be  sufficiently  flexible  so  that  the 
rates  may  be  easih'  changed  in  case  of  a  deficiency  or  suri^lus 
of  income. 

Third,  the  method  should  allow  of  the  use  of  meters  upon  serv- 
ices with  a  single  faucet  without  increase  over  the  faucet  rate, 
unless  for  actual  use  or  waste  of  water.  It  should  also  secure 
from  large,  well-pluml^ed  places  a  reasonable  amount  to  meet 
fixed  charges,  even  if  little  water  is  used. 

Fourth,  the  method  should  meet  the  conditions  of  places  with 
a  fluctuating  population  and  a  large  seasonal  use  of  water,  such 
as  summer  and  winter  resorts. 

Fifth,  the  method  should  l)e  such  that  it  can  be  adapted  to 
the  different  conditions  of  works  in  which  the  fixed  charges  are 
high  and  the  operating  expenses  low,  as  in  gravity  systems,  and 
where  perhaps  a  large  use  of  water  at  a  low  price  is  desirable;  or 
W'here,  on  the  other  hand,  the  fixed  charges  are  lower  in  com- 
parison with  the  operating  expenses,  as  in  a  pumping  or  filtering 
plant,  and  where  it  is  desirable  for  any  reason  to  be  prudent  in 
the  use  of  water,  and  where  large  use  at  low  rates  cannot  be  en- 
couraged. The  method  should  be  one  that  will  meet  the  require- 
ments of  a  "  flat  rate,"  with  no  discrimination  between  users  of 
water,  and  still  permit  the  supplying  of  large  users  such  as  fac- 
tories at  a  cost  that  will  not  be  i3rohibitive  in  cases  where  it  is 
desirable  to  encourage  such  use. 


SUGGESTIONS. 

In  view  of  the  foregoing  and  as  the  result  of  its  study  of  the 
subject,  the  comniittee  suggests  the  two  following  methods  of 
assessing  rates  for  supplying  water  tlu'ough  meters: 

First,  the  assessment  method. 
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This  is  considered  by  tlic  cominittee  as  tlie  most  scientific 
method,  and  one  adapted  for  general  and  permanent  use. 

Second,  the  multiple  minimum  rate  method. 

This  method,  which  is  called  the  "  multiple  minimum  rate  " 
method  to  distinguish  it  from  the  single  minimum  method  now 
largely  in  use.  while  not  considered  by  the  committee  as  so  suitable 
for  all  conditions  as  the  first,  or  ''assessment  method,"  is  well 
adapted  to  securing  a  revenue  similar  to  that  ol)tained  by  fixture 
rates  in  works  where  the  change  is  being  made  from  fixture  to 
meter  rates,  and  where  there  are  no  data  relating  to  the  probable 
consmiiption  with  meters.  In  new  works  also  it  may  be  possil:)le 
to  estimate  more  closely  the  probal)le  revenue  to  be  received  than 
with  the  first  method.  The  following  discussion  will  treat  the 
two  methods  more  in  detail. 

THE   ASSESSMENT    METHOD. 

By  this  method  the  rates  will  be  assessed  as  follows:  A  con- 
stant sum  will  be  assessed  each  year  upon  each  property  based 
upon  the  frontage  of  the  lot  on  one  street,  and  without  regard 
to  the  amount  of  water  used.  In  addition  to  this  assessment. 
a  certain  price  per  100  cubic  feet  or  1  000  gallons  will  be  charged 
for  all  water  used  through  the  meter. 

FRONTAGE   ASSESSMENT. 

There  are  certain  expenses  of  a  water-works  system  which 
must  be  met  as  long  as  the  works  are  operated.  Avhich  are  affected 
but  little,  if  at  all,  by  the  amount  of  water  used.  These  expenses 
should  be  met  by  a  revenue  which  is  also  independent  of  the 
amount  of  water  used.  The  total  amount  of  such  expense  is 
dependent  more  upon  the  length  of  the  piping  system  than  upon 
any  other  element  of  the  plant.  The  amount  of  water  used 
affects  the  capacity  of  the  pumping  plant,  biit  not  in  direct  pro- 
portion, and  in  many  works  not  at  all.  The  requirement  for  fire 
protection  fixes  the  pumping  capacity.  The  amount  used  affects 
the  capacity  of  the  supply,  but  not  necessarih'  its  distance  from 
the  center  of  distribution. 

The  frontage  of  the  lot  affects  materially  the  total  length  of 
the   piping   system.     Therefore   there   seems   no   other   element 
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which  can  serve  so  well  and  so  justly  as  the  measure  of  the  con- 
stant yearly  assessment  as  the  length  of  frontage  of  the  property. 
It  is  not  material  to  the  method  how  the  frontage  which  shall 
be  assessed  is  determined.  It  is  probable  that  a  municipality  can 
assess  all  property,  both  that  built  upon,  and  vacant  lots,  while  a 
company  can  only  assess  ui)on  existing  houses  and  their  lots.  It 
would  seem  to  be  fair  that  all  buildings  should  be  assessed,  whether 
occupied  or  not.  This,  however,  is  not  essential  to  the  method. 
If  vacant  lots  were  not  assessed,  some  limit  to  the  amount  of  land 
to  be  assessed  with  each  building  would  be  necessary;  for  in- 
stance, each  lot  might  be  assessed  upon  a  length  not  exceeding 
twice  or  three  times  the  width  facing  the  street,  of  the  building 
upon  it.  A  corner  lot  might  be  assessed  upon  one  street  only,  or. 
as  in  the  case  of  sewers,  a  certain  frontage  of  the  second  street 
might  be  exempt.  These  details  are  not  essential  to  the  principle, 
and  should  be  decided  ])y  the  conditions  of  each  case. 

The  exact  proportion  of  the  total  annual  expense  of  maintenance 
which  should  be  assessed  in  this  way  is  not  essential.  It  seems 
to  the  committee,  however,  that  it  would  be  substantially  just  if. 
in  ordinary  cases,  one  half  of  the  total  amount  to  be  raised  were 
assessed  upon  frontage  and  the  balance  raised  by  meter  rates 
based  upon  the  total  consvunption.  The  price  per  100  cubic 
feet,  or  1  000  gallons,  in  any  place  would  then  depend  upon 
the  total  consumption.  Taking  the  average  place,  it  might  be 
about  7i  cents  per  100  cubic  feet,  or  10  cents  per  1  000  gallons, 
based  upon  the  water  that  would  be  measured  through  the 
meters. 

The  above  is  a  brief  description  of  the  method.  It  nuist  be 
examined  to  see  how  it  will  meet  the  requirements. 

First,  to  insure  a  sufficient  revenue. 

In  new  works,  or  in  those  which  are  changing  from  a  basis  of 
fixture  rates  to  meter  rates,  there  are  very  few  data  upon  which 
to  estimate  the  probable  consumption  of  water  after  meters  are 
installed,  or  rather  the  amount  of  water  that  will  be  measured 
through  the  meters.  It  cannot  be  estimated  with  precision  hoAv 
much  the  use  of  meters  will  curtail  the  total  amount  pumped  or 
drawn  from  the  source,  and  of  the  total  amount  the  quantit\- 
measured  depends  upon  the  leakage  in  the  ]iiping  S}stem,  the 
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slip  ol"  the  i)unips.  etc.     In  many  cases  of  gravity  suppli(\s,  tlicre 
is  no  knowledsie  of  the  quantity  of  water  drawn. 

This  method  of  assessing  one  half  or  a  fixed  projxjrtion  of  the 
total  annual  expense  upon  frontage  assures  that  a  certain  sum 
will  be  secured,  and  thus  reduces  the  percentage  of  error  by 
making  the  sum  that  is  based  upon  the  probable  consumption 
much  smaller.  After  one  or  two  years'  experience  with  meters, 
the  amount  passing  through  them  can  be  closely  approximated 
and  a  rate  established  that  will  secure  the  amount  recjuired  with 
as  much  accuracy  as  necessary.  There  is  no  system  possil)le 
under  which  the  exact  revenue  can.be  established,  and  this  is  not 
necessary. 

Second,  flexibility. 

While  it  is  not  desiraljle  to  change  water  rates  frequently,  it 
sometimes  happens  that  the  conditions  permit  of  their  being 
reduced,  and  it  is  conceivable  that  under  some  circumstances 
they  must  be  increased.  As  compared  with  fixture  rates,  or  even 
with  meter  rates,  based  upon  a  minimum  charge,  this  method 
offers  a  ver}-  simple  way  of  changing  the  rates,  and  the  approxi- 
mate results  of  the  changes  can  be  closely  estimated. 

In  case  of  a  reduction.  If  it  is  considered  desirable  to  have  the 
price  of  water  low,  and  encourage  its  use,  the  assessment  can  be 
maintained  as  it  is  and  all  of  the  change  made  in  the  rates,  when 
the  preceding  year's  record  of  consumption  of  water  through 
meters  will  furnish  a  basis  upon  which  to  estimate  the  rate  neces- 
sary to  secure  the  desired  reduced  revenue. 

On  the  other  hand,  if  the  supply  is  rather  limited,  or  the  cost 
of  seeming  and  delivering  the  water  is  considerable,  and  it  is 
desirable  to  conserve  the  water,  the  assessment  can  be  reduced 
and  the  rate  maintained.  It  is  probable  that  the  bnv  of  demand 
and  supply  would  be  operative  with  water  as  with  any  other 
commodity,  and  a  high  price  for  water  would  tend  toward  a 
prudent  use,  and  a  low  price  toward  a  lavish  use. 

Third,  satisfactory  use  of  meters  in  all  classes  of  services. 

It  is  believed  that  this  method  Avill  allow  the  use  of  meters  on- 
services  with  only  a  single  faucet,  and  also  in  large  houses  in 
which  little  water  is  used,  with  substantial  justice  and  with  satis- 
factory results  in  revenue  to  the  department.     Aside  from  occa- 
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sional  exceptions,  houses  with  u  single  faucet  arc  small  and 
on  narrow  lots,  while  large,  well-plumbed  houses  generally  have 
greater  frontage.  These  different  classes  of  propert}-  would 
bear  their  proportion  of  fixed  charge  in  a  fairly  ecpiitable  manner. 
As  long  as  each  pays  its  fair  proportion  of  fixed  charges,  there  is 
no  reason  why  a  single  faucet  using  large  quantities  of  water 
should  not  pay  for  it,  and  on  the  other  hand,  why  a  large,  fully- 
plumbed  house  should  pay  for  water  which  it  does  not  use. 

Fourth,  for  summer  and  winter  resorts. 

This  method  seems  very  well  adapted  to  the  conditions  in 
places  where  there  is  a  great  fluctuation  in  the  use  of  water. 
Those  consumers  who  actually  use  water  for  only  a  few  months 
in  the  year  must  pay  the  fixed  charges  for  the  entire  year  through 
the  assessments,  and  if  they  use  a  very  large  quantity  of  water 
during  their  short  stay,  pay  for  that  at  meter  rates. 

While  places  of  this  sort  need  metering  as  a  means  of  water- 
waste  prevention  more  than  many  other  places,  it  is  very  difficult 
to  meter  them  under  the  methods  of  fixture  rates  now  in  use. 
The  transient  consumers,  while  using  large  quantities  of  water 
for  a  short  time,  do  not  use  enough  in  the  whole  year  to  exceed 
the  ordinary  minimum  rate,  and  thus,  while  making  it  exceed- 
ingly difficult  and  costly  to  supply  them  while  in  town,  do  not 
do  their  share  (under  ordinary  meter  rates)  toward  supporting 
the  works,  the  fixed  charges  of  which  are  tremendously  increased 
by  their  requirements. 

This  class  of  consumers  would  be  reached  through  the  frontage 
assessment,  and  in  such  places  the  ]3ortion  of  the  entire  annual 
cost  which  was  assessed  upon  frontage  could  l)e  larger  than  in 
places  with  more  normal  conditions. 

Fijth,  adaptability  to  differing  conditions. 

It  is  evident  that  a  gravity  system  with  a  large  sum  invested 
in  the  plant  and  very  small  operating  expenses  is  furnishing  water 
under  entirely  different  conditions  than  obtain  in  a  ]iumping 
system  in  which  the  plant  is  of  much  less  first  cost  but  with  large 
expenses  for  pumping. 

If  the  first  system  has  an  ample  sup])ly,  it  costs  no  more 
(within  certain  limits)  to  furnish  a  large  amount  of  water  than 
a  small  one.      With   regard  to  the  furnishing  of  water,  almost 
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all  of  the  expenses  are  in  the  nature  of  fixed  charges,  and  the  net 
revenue  of  the  works  is  directly  increased  by  the  sale  of  addi- 
tional water  at  almost  any  price.  In  such  a  case  it  is,  no  doubt, 
good  policy  to  encourage  legitimate  use  of  water  in  large  quan- 
tities in  a  way  that  could  not  be  done  under  a  "  flat  rate  "  if  the 
entire  annual  expenses  were  raised  by  meter  rates  of  so  much 
per  one  hundred  cubic  feet.  With  such  rates,  nothing  but  a 
sliding  scale  of  prices  would  accomplish  the  result. 

In  such  a  case  as  stated  above,  the  proposed  metliod  provides 
a  way  to  adopt  a  ''  flat  rate."  and  also  to  encourage  the  use  of 
water  in  large  quantities  without  discrimination.  By  assessing 
a  ^'ery  large  ])roportion  of  the  annual  cost  upon  frontage,  and 
raising  a  small  proportion  by  meter  rates,  the  price  can  be  made 
very  low  and  the  same  to  all  consumers.  In  such  a  system  it  is 
certainty  just  to  ass.ess  a  large  pro])ortion  upon  frontage,  for  as 
already  shown,  its  expenses  are  largely  composed  of  fixed  charges, 
which,  on  account  of  their  nature  and  origin,  it  is  equitable  to 
assess  upon  frontage. 

On  the  other  hand,  this  method  can  be  as  well  adapted  to  a 
]jumping  system  with  a  comjjaratively  low  first  cost  and  high 
operating  charges  by  assessing  a  small  proportion  of  the  annual 
cost  upon  frontage  and  raising  a  larger  proportion  by  meter  rates. 
This  would  also  be  equitable,  as  in  such  a  system  the  ojierating 
expenses  would  be  largely  affected  by^the  consumption. 

Below  are  a  few  examples  of  how  rates  might  be  fixed  under 
this  method  in  places  with  differing  conditions.  In  these  places, 
the  names  of  which  are  not  given,  actual  figures  from  the  reports 
of  a  certain  year  are  used. 

The  first  is  a  pumping  system  with  about  29  000  population. 
The  works  cost  practically  $1  600  000,  with  105  miles  of  pipe. 
Annual  expense,  including  interest  and  sinking  fund.  $106  000. 
Consumption,  464  000  000  gallons. 

Frontage.  In  determining  the  length  of  frontage  to  be  assessed, 
it  is  a  simple  matter  to  measure  the  lots,  much  easier  in  fact 
than  to  go  through  the  house  for  a  list  of  fixtures,  as  must  be 
done  under  fixture  rates. 

In  this  estimate  it  is  assumed  that  on  each  side  of  the  pipe  line 
the  length  of  assessable  frontage  will  be  one  half  of  the  total 
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length  of  pil)e,  after  excluding  ])ipe  not  in  streets,  the  length  of 
street  crossings,  that  passing  vacant  and  unassessable  lots,  etc. 
Then  on  both  sides  of  the  pipe  line  there  will  be  the  same  length 
of  frontage  as  there  is  length  of  pipe;  in  this  case  105  miles,  or 
55-4  000  feet  of  frontage.  There  was  an  appropriation  of  $18  000 
from  the  tax  lev}',  leaving  a  net  amount  to  be  raised  of  $88  000. 
Assuming  that  one  half,  or  $4-4  000.  will  be  assessed  on  554  000 
feet  of  frontage,  will  make  an  assessment  of  practically  8  cents 
per  front  foot.  The  remainder  of  the  expense,  or  $44  000,  is 
to  be  raised  by  meter  rates.  The  consumj^tion  was  464  000  000 
gallons  per  year,  of  which  it  is  probable  that  about  65  per  cent, 
would  go  through  the  meters,  or  about  300  000  000  gallons, 
making  about  14.6  cents  per  1  000  gallons,  or  about  11  cents  per 
100  cubic  feet.  It  should  be  noted  that  the  consumj^tion  per 
capita  in  this  place  was  low,  about  50  gallons  daily,  and  the  cost 
of  water  based  u])on  total  piunpage  and  total  expense  high,  or 
about  23  cents  per  1  000  gallons;  the  meter  rates  were  high,  35 
cents  per  1  000  gallons.  The  minimum  rate  for  meter  was  $10. 
and  the  amount  of  water  allowed  under  this  minimum  about 
28  700  gallons  per  annum,  or  about  80  gallons  per  day. 

Assuming  a  fully  plumbed  house  on  an  80-foot  front  lot, 
using  the  alcove  amount  of  water,  the  charge  would  be  as  follows: 

Assessment,  SO  feet  (ai  S  cents $6  40 

28  700  gallons  (o:  14.6* cents    4  20 

$10  60 

If  doul)le  the  amount  of  water,  total  $14.80. 

()r,  assume  a  small  house  with  one  faucet  on  a  40-foot  lot: 

Assessment,  40  feet  @  8  cents $3  20 

An  amount  of  water  equal  at  35  cents  per  1  000 
gallons  to  $5,  or  single  faucet  rate;  or  14  350 
gallons  per  year  @  14.6  cents 2  10 

$5  30 

']'ak(>  a  smaller  ]nun])ing  system  in  which  the  jjer  capita  con- 
sumption was  about  60  gallons,  and  the  cost  of  water  based  upon 
the  total  i)um))age  8.5  cents  per  1  000  gallons.  'J'otal  cost  of 
works,  $80  000;  8  miles  of  pipe. 
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Total  annual  cxpendituiv    $6  500  00 

Approj)riation    1  500  00 

Total  pumpage  of  water,  76  400  000  gallons  yearly.  Assume 
the  same  proportion  of  frontage  as  before,  8  miles,  or  42  800  feet. 
Net  amount  to  be  raised,  $6  500  —  $1  500  -  $5  000.  One  half 
on  frontage,  2  500  -^  42  300  feet  =  about  6  cents  per  front 
foot.  Assume  that  65  per  cent,  of  pumpage  could  be  measured, 
or  76  400  000  X  .65  =  about  50  000  000  gallons.  Dividing  one 
half  of  the  expense,  or  $2  500  b}^  this,  gives  a  meter  rate  of  about 
5  cents  per  1  000  gallons. 

Assume  house  as  before  with  SO-foot  lot: 

Assessment,  80  feet  (a  6  cents S4  80 

Assume  that  this  is  an  average  service  in  use  of 
water.  The  average  use  per  service  was 
50  000  000  gallons  divided  by  the  number  of 
services,  343,  making  145  000  per  year  at  5 
cents 7  25 

For  house  using  average  amount  of  water $12  05 

Small  house  using  one  faucet  and  50  000  gallons: 

Frontage,  40  feet  (a>  6  cents .'$2  40 

50  000  gallons  (a'  5  cents   2  50 

$4  90 

If  this  house  had  80  feet  of  assessable  frontage,  its  bill  would  be 
S7.30.  If  it  used  only  30  000  gallons  of  water  per  year,  its  bill 
would  be  $3.90. 

Take  a  gravity  system  in  which  the  per  capita  consumption 
was  about  SO  gallons  and  the  total  consumption  was  427  000  000 
gallons,  and  the  cost  of  water  based  on  total  consumption  8.8 
cents  per  1  000  gallons.  Total  cost  of  works,  $555  000;  42  miles 
of  pipe.  Total  annual  expenditure,  $37  500;  appropriation. 
$8  700;   amount  to  be  raised  from  consumers,  $28  800. 

If  one  half  of  this  sum  is  assessed  on  frontage,  assuming  amount 
of  frontage  as  before,  the  assessment  per  foot  will  be  6.5  cents. 
Assuming  65  per  cent,  as  the  proportion  of  the  total  consumption 
which  can  be  measured  by  meter  the  rate  would  be  5  cents  jier 
1  000  gallons. 
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The  frontage  rate  was  low  on  the  above  division  of  expense, 
and  if  it  was  thought  desirable  to  reduce  the  water  rate,  the 
assessment  could  be  increased  to  8  cents  per  foot,  which  woidd 
reduce  the  water  rate  to  al:)Out  3.6  cents  per  1  000  gallons. 

It  must,  of  course,  be  understood  that  there  was  one  assumption 
in  all  of  the  above  cases  which  may  or  may  not  be  approxi- 
mately correct;  namely,  the  assumption  that  the  assessable  front- 
age on  each  side  of  the  pipe  lines  was  equal  to  one  half  the  total 
length  of  the  lines,  or  that  the  total  assessable  frontage  was  equal 
to  the  length  of  the  lines.  The  facts  in  any  particular  case  would 
undoubtedly  be  different.  If  the  assessable  frontage  exceeded  that 
of  the  assumption,  the  rate  of  assessment  per  foot  would  be  less; 
and  if  the  frontage  was  less,  the  rate  would  be  greater.  This  does 
not  affect  the  principle  and  would  not  change  the  rate  per  1  000 
gallons  for  water,  which  would  remain  the  same  in  the  examples 
given  unless  the  annual  expenses  were  divided  differently  between 
frontage  and  rates. 

THE    MULTIPLE    MINIMUM   RATE    METHOD. 

This  method  fixes  minimum  rates  to  be  paid  for  different  kinds 
of  fixtures  in  use,  and  a  price  per  100  cubic  feet,  or  1  000  gallons, 
for  all  water  used  in  excess  of  the  amount  paid  for  bj^  the  minimum 
rates  at  the  schedule  price.  As  many  or  as  few  fixtures  may  be 
used  for  the  basis  of  the  minimum  as  is  considered  desirable  in 
each  case. 

For  simplicity  in  accounts,  it  seems  better  to  take  only  a  few 
of  the  important  fixtures  as  the  basis.  The  method  also  fixes 
what  may  be  called  a  total  minimum,  which  allows  the  use  of 
water  for  all  purposes  without  consideration  of  the  number  or 
kinds  of  fixtures. 

As  an  existing  example  of  this  method,  the  schedule  of  rates  for 
the  water  works  of  the  town  of  Merrimac,  Mass.,  is  given  below. 
it  is  proper  to  state  that  these  works  are  only  recently  in  operation, 
and  the  method  of  water  rates  has  not  been  tested.  All  services 
are  metered  in  these  works. 
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METER   RATES    FOR    THE    MERRIMAC    WATER   WORKS. 

All  water  consumers  will  be  furnished  with  water  through 
meters,  and  the  following  rates  will  be  charged: 

For  10  000  cubic  feet  or  less  annually  to  one  customer,  per  100 
cubic  feet,  25  cents. 

For  more  than  10  000  and  less  than  20  000  cubic  feet,  annually 
per  100  cubic  feet,  20  cents. 

For  more  than  20  000  and  less  than  50  000  cubic  feet,  per  100 
cubic  feet,  15  cents. 

No  water  will  be  turned  on  to  any  premises  except  upon  i)ay- 
ment  of  a  yearly  minimum  charge  of  S6.00. 

This  will  entitle  the  consumer  to  use  water  at  meter  rates 
through  faucets  for  all  purposes,  except  as  specified  below. 

For  use  in  water  closets  there  will  be  an  additional  yearly 
charge  of  $5.00.  This  will  entitle  the  consumer  to  use  water 
at  metered  water  rates  through  water  closets  and  urinals  of  all 
kinds. 

For  use  in  l)ath  tubs,  an  additional  yearly  charge  of  $4.00. 
This  will  entitle  the  consumer  to  the  use  of  water  at  metered 
rates  in  bath  tubs. 

For  use  of  water  through  hose,  an  additional  yearly  charge  of 
$5.00.  This  will  entitle  the  consumer  to  the  use  of  water  at 
metered  rates  through  hose  for  all  purposes,  including  sprinklers, 
fountains,  and  troughs. 

The  above  minimum  charge  covers  the  use  of  water  by  one 
family  or  consumer  at  metered  rates  for  all  of  the  piuposes  for 
which  the  water  is  supplied  by  the  system.  No  further  charges 
will  be  made  until  the  amount  of  water  used  in  any  quarter 
exceeds  at  meter  rates  the  amount  of  the  minimum  charges  paid 
for  that  quarter. 

Any  consumer  paying  minimum  charges  amounting  to  $20.00 
per  annum  will  be  entitled  to  the  use  of  water  at  meter  rates  for 
all  purposes  without  regard  to  the  fixtures  in  use. 

The  minimum  charges  must  be  paid  quarterly  in  advance 
within  fifteen  days  of  date  of  bill. 

Bills  for  water  in  excess  of  minimum  charges  will  be  sent  out 
at  the  beginning  of  each  c|uarter  for  the  preceding  quarter  and 
must  be  paid  as  above. 

The  department  will  provide,  set,  and  keep  in  repair  the  meters, 
except  where  they  are  injured  by  freezing,  or  by  the  neglect  or 
carelessness  of  the  consumer,  when  it  will  repair  or  replace  them 
at  the  expense  of  the  consumer.  They  will  remain  the  property 
of  the  department,  and  the  consumer  shall  provide  and  maintain 
a  suitable  place  for  them  of  easy  access  for  reading  and  inspection. 
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It  can  probably  be  said  for  this  method  that  it  will  meet  the 
first  requirement,  namely,  that  of  raising  a  certain  revenue, 
better  than  the  assessment  method  and.  in  fact,  better  than  any 
other  method  yet  suggested. 

It  will  not  meet  the  second  requirement,  that  of  flexibility,  as 
well  as  the  assessment  method,  or  as  well  as  a  straight  meter 
payment  without  a  minimum  rate. 

It  is  exactly  adapted  to  meet  the  third  requirement  of  providing 
for  the  use  of  single  faucets,  and  at  the  same  time  securing  a 
proper  return  from  fully-plumbed  houses,  and  we  believe  will  do 
it  better  than  any  other  method. 

It  will  meet  the  fourth  requirement,  or  that  for  the  conditions 
in  summer  and  winter  resorts,  very  well,  perhaps  as  well  as  the 
assessment  method,  and  much  better  than  a  single  minimum. 

It  does  not  meet  the  fifth  requirement,  or  that  of  providing 
for  a  very  low  rate  for  use  of  large  quantities  of  water  at  a  ''  flat 
rate,"  and  no  method  will  which  does  not  include  a  definite  and 
separate  provision  for  an  item  to  meet  the  fixed  charges  of  the 
system. 

In  making  the  foregoing  suggestions,  the  committee  does  not 
wish  to  seem  to  condemn  or  even  to  criticise  any  existing  method 
of  meter  rates.  Some  are,  no  doubt,  working  to  the  satisfaction 
of  the  works  using  them,  and  such  works  being  adapted  to  those 
methods  might  find  little  advantage  in  changing. 

For  works  that  are  not  satisfied  with  their  present  system, 
for  works  that  contemplate  changing  from  fixture  to  meter  rates, 
and  for  new  works,  the  suggestions  of  the  committee  may  have 
value. 

The  committee  also  wishes  to  express  its  opinion  on  the  follow- 
ing: 

That  it  is  desirable  for  the  water  department  to  purchase, 
own  and  repair  the  meters. 

That  all  public  buildings,  watering  troughs,  fountains,  etc., 
should  be  metered,  whether  or  not  payment  is  received  for  the 
water  so  furnished. 

That  all  gravity  works  should  bo  provided  with  a  meter  for 
measuring  the  total  draft. 
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That  a  "  fiat  rate  "  without  discrimination  between  consumers 
of  different  amounts  should  be  the  rule,  ])ut  that  it  should  be 
accompanied  l)y  some  methotl  for  securing  a  revenue^  to  meet 
fixed  charges  independent  of  the  amount  of  water  used. 

The  conunittee  also  suggest  the  desirabilit}^  of  the  general  use 
of  100  cubic  feet  as  a  unit  rather  than  1  000  gallons. 

It  is  very  desirable  that  the  gallon  should  ])e  eliminated  as  a 
unit  of  water  supply  measurement  and  the  cul)ic  foot  substituted. 
This  change  will  undoubtedly  come  in  time,  but  will  perhaps  be 
slow  in  coming,  as  the  capacity  of  pumps,  pipes,  reservoirs,  etc., 
are  so  universally  given  in  gallons,  antl  so  many  tables  are  based 
upon  that  imit.  One  million  gallons  also  has  a  firm  hold  as  a 
unit  for  large  quantities.  It  is,  however,  a  step  in  the  right  direc- 
tion to  use  culnc  feet  in  meter  measurement,  and  the  practice  of 
doing  so  is  already  widespread. 

Your  committee  wishes  to  say  in  conclusion  that  it  submits 
this  re])ort  with  a  profound  sense  of  its  inadequacy.  It  has  not 
the  confidence  to  speak  of  its  propositions  as  ''recommendations." 
It  feels  that  its  accumulation  of  data  is  so  small,  its  knowledge  of 
the  subject  so  restricted,  and  its  work  so  inadec^uate  in  compari- 
son with  that  to  ])e  done,  that  it  cannot  speak  with  authority.  It 
therefore  makes  suggestions  which  may  be  of  some  present  value, 
but  which  can  only  be  considered  tentative  and  the  work  of  a 
novice. 

The  committee  believes  that  this  work  should  be  continued  by 
the  Association;  that  it  should  encourage  its  members  to  secure 
and  make  available  all  possible  data  bearing  upon  meter  opera- 
tion; that  jierhaps  a  committee  on  meter  rates,  or  better,  upon 
water  meters,  sliould  be  a  permanent  conunittee  of  the  Associa- 
tion to  accumulate  information  and  l)ring  the  matter  forward 
for  discussion  at  convenient  occasions. 

It  is  the  desire  of  the  committee  that  its  suggestions  be  thor- 
oughly discussed  and  criticised,  in  the  hope  that  more  light  may 
be  shed  upon  this  very  important  matter. 
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DISCUSSIOX. 

Mr.  Clemens  Herschel.*  As  the  Committee  on  Meter  Hates 
has  especiaHy  desired  that  its  suggestions  be  discussed  and  criti- 
cised, the  following  is  submitted.  It  has  been  written  out,  so  as 
to  give  the  careful  attention  to  the  subject  which  its  importance 
deser\'es. 

Very  slowly  u  reform  in  water  rates,  made  po.ssible  by  the  in- 
vention of  house  meters  that  can  be  manufactured  at  a  moderate 
price,  and  by  their  improvement  until  they  have  become  marvels 
of  mechanical  perfection,  is  taking  place.  But  discussions 
such  as  this  keep  up  the  interest,  and  sometimes,  and  in  most  un- 
expected ways  (as  writer  of  this  could  testify),  help  on  the  good 
work. 

Simplicity  of  operation,  under  the  established  water  rates,  ap- 
pears to  the  writer  to  be  of  prime  importance,  and  to  attain  this 
in  the  greatest  degree  seems  to  him  to  be  reason  enough  for  re- 
jecting the  plan  of  front  foot  assessment  described  in  the  report 
of  the  committee. 

The  substance  and  service  furnished  and  to  be  paid  for  con- 
sists of  water,  under  pressure,  delivered  into  the  consumer's  prem- 
ises. It  is  valuable  not  only  as  water,  but  also  as  an  ever-re/idy 
safeguard  against  losses  by  fire — -this  last  being  of  value,  even 
though  no  water  be  actually  drawn  for  a  long  term  of  years. 

Water  rates  may,  therefore,  very  properly  consist  of  two  parts: 
water  supplied,  and  water  held  ready  for  extinguishing  fires. 
AVater  actually  used  for  extinguishing  fires  is  so  small  in  amount 
during  the  year  that  it  does  not  disarrange  the  accounting  to 
omit  it  from  charges  to  be  made. 

We  have  then  the  insurance  saving  to  the  community  by  the 
presence  of  water  uiider  pressure,  by  hydrants,  etc.,  which  may 
well  be  a  common  charge  to  the  whole  community,  to  be  paid  for 
out  of  the  tax  levy;  in  a  lump  sum;  or  as  hydrant  rentals;  and, 
secondly,  water  delivered  in  varying  quantities  to  consumers. 

Now,  why  it  should  make  any  difference  to  the  water  depart- 
ment what  use  the  consumer  makes  of  the  water  received,  or 
where  he  uses  it,  the  writer  does  not  see,    except  in  cases  of  a 
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scarcity  of  supply,  Avhen  luxurious  uses  —  lawn-sprinkliug.  for 
example  —  may,  by  exercise  of  police-power,  be  prohibited^al- 
together,  for  the  purpose  of  preventing  the  failure  of  any  citizen 
to  receive  a  necessity  of  life. 

The  foregoing  being  accepted,  we  next  arrive,  naturally,  at  the 
selling  of  water  by  measure,  or  by  meter.  The  writer's  concep- 
tion of  a  water  meter  is  an  instrument  that  will  enable  the  total 
annual  cost  of  a  water  supply  (less  hydrant  rentals  received)  to 
be  equitably  distributed  among  its  beneficiaries.  Everything 
hinges  thence  on  upon  people's  ideas  of  what  constitutes  an 
"  equitable  "  distribution  of  this  annual  cost  among  the  water 
consumers.  And  this,  being  an  off-shoot  of  the  great  subject  of 
taxation,  gives  room  for  opinion  and  for  argument. 

To  the  writer  there  is  but  one  simple  way,  —  to  charge  by  quan- 
tity used   and  wasted;   that   is,  "  consumed  "  on   the   premises. 

If  manufacturers,  especially  such  as  use  large  quantities  of 
wash-water,  are  to  be  favored,  as  an  inducement  to  settle  in  the 
community,  or  not  to  leave  it,  two  ways  present  themselves  for 
exercising  such  favoritism  —  their  taxes  may  be  remitted  in 
whole  or  in  part;  or  the  principle  of  a  sliding  scale  for  water  rates, 
based  on  ciuantity  consumed,  can  be  introduced. 

The  business  of  booming  a  town  by  means  of  charitable  bequests 
in  aid  of  coming  or  existing  manufacturers,  should  not,  however, 
be  confounded  or  mixed  up  with  the  distribution  of  the  annual 
cost  of  the  water  supply  among  those  who  receive  water. 

If  it  costs  $50  000  annuallyto  supply  1  000  000  000  gallons  of 
water,  this  makes  the  cost  per  million  gallons  to  that  town  $50. 
And  if  anybody  pays  only  $30  for  his  million  gallons  of  water  con- 
sumed ,  then  somebod}^  else  must  pay  the  other  $20.  Shall  it  be  the 
other  water  consumers,  or  the  tax  lew  of  that  town?  As  a  public 
or  communistic  enterprise,  thus  to  relieve  present,  or  to  tempt 
intending  resident  manufacturers,  there  would  seem  to  be  more 
reason  for  meeting  such  charitable  expenses  from  the  common 
tax  le\y,  than  for  saddling  them  upon  the  water  takers  alone. 

For  municipal  water  departments,  this  is  not  a  parallel  case  to 
making  a  difference  between  wholesale  and  retail  rates  for  an  ar- 
ticle offered  for  sale,  for  the  reason  that  in  the  case  of  such  articles. 
a  profit  is  to  be  arrived  at;   and  wholesale  rates,  though   they 
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include  a  smaller  profit  per  unit  of  measure  tiiau  do  retail  rates, 
yet  produce  more  of  a  profit  in  the  aggregate. 

But  mimicipal  water  rates  are  not  based  on.  or  intended  for  the 
making  of  a  profit.  Their  aim  is  merely  to  distribute  in  an  equit- 
able way,  after  the  manner  of  mutual  companies  properly  man- 
aged, such  as  savings  banks,  etc.,  the  annual  cost  of  carrying  on 
the  business,  among  its  beneficiaries. 

Should,  however,  the  sliding  scale  of  water-rates,  from  retail 
to  wholesale  quantities,  be  adhered  to  in  the  case  of  private  water 
companies,  or  in  the  case  of  mimicipal  water  works  who  wish  to 
range  themselves  in  the  company  of  sellers  at  wholesale  and  re- 
tail rates,  such  a  sliding  scale,  diminishing  with  an  increase  of 
consumption,  can  readily  be  made  to  favor  the  large  consumer. 
In  such  cases,  the  sliding  scale  should  not  include  a  temptation 
to  consume  more  water  for  the  purpose  of  attaining  a  lower  rate 
and  a  lower  aggregate  charge. 

An  objection  to  meter  rates,  often  heard  from,  relates  to  low- 
priced  tenement  houses,  where  waste  is  liable  to  go  on  in  excessive 
amounts,  and  is  not  brought  home  to  the  wasters  by  the  one 
meter  in  use  as  it  is  where  only  one  family  occupies  the  house: 
hence  great  outcry  and  objection  from  the  owners  of  such  tene- 
ments. But  the  remedy  is  clearly  the  use  of  more  meters;  one 
on  each  floor,  or  if  need  be.  one  to  each  family;  precisely  as  the 
gas  company  manages  such  cases.  There  is  no  way  to  gain  the 
active  and  continuous  cooperation  of  the  pul)lir  in  keeping  their 
pkunbing  in  order,  and  in  shutting  off  the  water  when  it  is  not 
being  drawn  for  use,  except  by  causing  the  result  of  any  neglect 
on  these  lines  promptly  to  appear  in  the  next  quarterly  or  monthly 
bill  for  water  used  and  wasted. 

It  is  to  be  regretted  that  the  report  of  the  committee  gives  re- 
viewed currency  to  the  exploded  fallacy  that,  with  a  gravity  supply, 
^'  it  costs  no  more  (within  certain  limits)  to  furnish  a  large  amount 
of  water  than  a  small  one."  This  is  equivalent  to  saying  that 
wastefulness  costs  no  more  than  thrift,  and  the  day  when  this 
shall  be  true  is  surely  as  far  distant  as  the  suspension  of  the  action 
of  the  force  of  gravity,  or  of  that  of  any  other  law  of  the  universe. 
The  statement  made  ])y  the  committee  is  apparently  —  but  only 
apparently  —  true  for  one  year  of  operation,  but  is  evidently  not 
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true  for  ten  or  twenty-five  years,  or  longer.  Working  on  the  l)usis 
first  named  has  called  for  tens  of  millions  of  dollars  of  expenditure 
for  "extending  the  water  works  ''  in  the  United  States,  when  for  ten 
and  twenty-five  >-ears,  even  for  fifty  years,  such  expenditures  shoidd 
have  been  uncalled  for  and  unnecessary.  It  also  breeds  a  spirit 
of  wastefulness  in  any  community,  with  an  article  costing  money 
to  procure,  which  later  it  is  exceedingly  difficult  again  to  remove. 
It  has  l)een  largely  responsible  for  that  very  disinclination  to  use 
reason  in  the  management  of  water  works,  which  the  report  of 
the  committee  aims  to  annul.  No  city  receiving  and  paying  for 
water  by  meter  would  ever  think  of  putting  forth  such  doctrine. 

It  is  well  to  remember  that  cases  are  on  record  in  wliich  b}' 
nurture  of  the  spirit  of  wastefulness,  cities  have  attained  a  con- 
sumption on  certain  days  of  fidly  ten,  and  even  twelve  times  the 
quantity  which  was  ample  for  all  their  needs,  and  it  requires  no 
argument  to  prove  that  such  cities  have  paid,  and  are  paying, 
nnich  more  for  water  than  they  should,  be  it  furnished  by  gravity, 
or  b}'  pumps,  or  both. 

House  meters  are  necessary  for  the  prevention  of  waste  on  the 
consumer's  premises.  Equally  necessary  for  the  prevention  of 
wholesale  waste  out  of  street  mains  and  conduits,  and,  generally, 
to  enable  a  proper  accounting  to  be  made  of  the  whole  operation 
of  the  works,  are  Venturi  meters  on  these  mains.  The  experience 
of  the  Metropolitan  Water  and  Sewerage  Board  of  Massachusetts 
should  be  conclusive  on  this  point;  not  to  mention  that  of  the 
East  Jersey  Water  Company,  the  details  of  which  (this  being  a 
private  water  company)   are,  however,  not  so  easily  procured. 

Nor  can  a  counting  of  pump  strokes  take  the  place  of  a  metier 
record,  whether  this  be  an  occasional  one,  or  a  graphically  contin- 
uous one.  In  fact,  it  has  repeatedly  been  shown  that  the  only  way 
to  keep  a  pump  constantly  in  order  is  to  have  its  pulse  felt  from 
time  to  time,  or  daily,  b}'  a  meter;  and  to  make  repairs  on  valves 
or  do  other  overhauling  as  the  meter  shows  the  need  of  them 
Without  such  watch  upon  the  pump,  counting  the  strokes  may  re- 
sult in  a  variance  from  the  truth  of  anywhere  from  20  to  40  per  cent. 

As  a  final  consideration,  and  with  reference  to  flexibility  of 
rates  from  one  year  to  another,  the  writer  suggests  discounts  on 
bills  paid,  or  to  be  paid,  precisely  as  this  end  is  attained  by  the 
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general  tax  levy,  or  in  the  management  of  mutual  savings  banks, 
or  mutual  life  insurance  companies.  It  is  very  true  that  it  is 
difficult  to  foretell  the  income  and  expenditures  of  a  ^vater  depart- 
ment, and,  generally,  that  the  historian  has  a  clearer  field  than 
the  prophet.  But  such  estimates  need  be  no  more  embarrassing 
to  the  \vater  department  than  they  are  to  the  other  commvmistic 
enterprises  above  named. 

All  perfection  in  this  ^vorld,  or  approach  to  it,  is  generally 
reached  by  successive  steps  of  improvement  and  of  approxima- 
tion. Let  am-  fair  and  competent  estimate  be  made,  therefore,  of 
annual  income  and  expenditures  for  the  ensuing  year;  make  an 
"overlay,"  precisely  as  the  tax  levy  does,  to  prevent  shortage, 
and  then  let  the  water  takers  have  the  benefit  of  the  surplus,  either 
at  the  office  in  cash,  or  as  a  discount  on  the  next  ciuarterly  bill, 
or  annually.  Such  annual  rebate  might  even  be  made  a  popular 
feature  of  the  conduct  of  the  water  department,  awaited  with 
interest,  and  no  doubt  meeting  praise  and  blame,  according  to 
amount  of  cash  thus  put  into  the  pockets  of  the  water  takers  — 
where  now  there  is  blame  only. 

We  have  thus  arrived  at  the  conclusion  that  waste  should  be 
prevented  and  water  paid  for  as  gas  or  the  electric  fluid  is  managed 
and  paid  for:  namely,  strictly  by  measure  of  substance  con- 
sumed on  the  premises  through  the  meter  of  the  party  furnish- 
ing it,  at  uniform  rates  to  all  consumers,  with  the  additional  and 
superlative  attraction  that  all  jirofit  (or  in  case  of  private  water 
companies,  all  excessive  profit,  if  any),  made  during  any  one  year, 
is  returned  to  the  customer,  pro  rata,  at  stated  intervals. 

Mr.  Allen  Hazen.*  The  report  of  this  committee  marks 
an  important  forward  step  in  the  question  of  fixing  meter  rates. 
It  recognizes  a  fundamental  principle  which,  if  carried  to  its  logi- 
cal conclusion,  would  go  a  long  way  towards  doing  away  with  the 
objection  to  meters. 

It  is  altogether  reasonable  that  the  income  to  be  derived  from 
the  sale  of  water  should  be  made  up  of  two  parts,  one  of  which  is 
dependent  upon  the  amount  of  water  used,  and  the  other  of  which 
is  not.  The  latter  class  of  expenses  is  represented  by  long  lines 
of  pipe,  and  by  other  parts  of  the  system  provided  and  not  directly 

*  Consulting  Engineer,  New  York  City. 
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affected  by  fluctuations  in  the  amount  of  water  used,  by  the  ex- 
penses of  meters,  services  and  book-keeping,  and  administration 
expenses  generally. 

Recognition  of  the  fact  that  a  certain  proportion  of  the  income 
is  to  be  obtained  for  these  matters,  that  is  to  say ,  as  payments  for 
the  sake  of  having  water  available  when  it  is  wanted,  will  allow 
a  lower  price  ])er  thousand  gallons  to  be  put  on  water  sold  by 
meter.  This  will  tend  to  prevent  much  of  the  dissatisfaction 
with  meters,  which  comes,  I  think,  from  the  feeling  that  the 
amount  paid  under  existing  schedules  is  often  in  excess  of  the  fair 
value  of  the  service,  and  I  am  afraid  that  there  are  cases  where 
this  feeling  is  fully  justified. 

The  report  of  the  committee  will  also  tend  to  the  simplification 
of  schedides  of  meter  rates,  and  to  the  adoption  of  more  uniform 
methods.  The  variations  of  the  schedules  in  use  in  different 
cities  are  surprising.  A  few  years  ago  I  prepared  a  diagram  show- 
ing the  amount  of  water  which  could  be  bought  at  meter  rates  in  a 
year  for  given  sums  of  money  in  a  number  of  cities.  This  diagram 
is  reproduced  herewith  (Plate  I),  and  also  a  tabulated  statement  of 
some  of  the  C|uantities. 

Tablk  Showixg  the  Cost  of  the  Quantities  of  Water  Stated 
AT  Meter  Rates  in  Various  Cities,  if  Drawn  during  a 
Period  of  One  Year.     Compiled  in  1899. 
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The  difference  in  local  conditions,  in  the  cost  of  water,  etc., 
may  justify  many  of  the  variations  in  these  meter  schedules;  but 
certainly  such  conditions  cannot  account  for  the  \vide  differences 
shown,  and  particularly  for  the  way  in  which  the  charges  some- 
times increase  with  progressive  amounts  of  water  used. 

Some  of  the  cities  represented  were  clearly  selling  water  to 
their  largest  consumers  for  less  than  the  cost  of  producing  and  de- 
livering it,  at  the  same  time  charging  small  consumers  rates  pro- 
portionally above  those  necessary  on  an  equitable  basis  for  meeting 
the  requirements  of  the  works. 

It  is  only  fair  to  say  that  this  information  was  collected  some 
years  ago,  and  that  many  of  the  cities  represented  have  since  cor- 
rected their  schedule  of  rates.  T  present  it  vvithout  revision  to 
illustrate  the  wide  and  unreasonable  fluctuations  in  different 
cities,  and  not  as  a  basis  for  criticism  of  any  individual  case. 

It  will  be  noted  in  the  diagram  that  two  of  the  schedules  shown 
namely,  the  new  schedule  of  Berlin,  Germany,  and  the  schedule 
of  Milwaukee,  have  anticipated  to  some  extent  the  report  of  our 
committee.  That  is  to  say,  a  charge  of  $3  per  year  for  the  service 
is  made  at  Berlin,  and  of  $1  per  year  at  INIilwaukee.  and  all  water 
used  is  charged  for  at  meter  rates  in  addition  to  this,  the  idea 
being  that  the  first  item  is  an  approximation  to  the  expense  of 
maintaining  the  service  and  meter,  although  the  :\Iilwaukee  rate 
is  undoubtedly  too  low  to  do  this. 

In  large  cities  this  scheme  has  something  to  recommend  it. 
The  proportion  of  the  total  expense,  which  A-aries  with  the  (juan- 
tity  of  water,  would  generally  be  larger  in  a  considerable  city, 
where  the  water  works  are  used  to  a  large  per  cent,  of  their  ulti- 
mate capacity,  than  it  would  be  in  smaller  towns,  and  particularly 
in  places  where  works  have  been  recently  installed  and  the  con- 
sumption is  only  a  fraction  of  ^that  which  might  be  supported 
from  existing  works. 

The  method  used  at  Milwaukee  and  Berlin  is  in  line  with  the 
recommendations  of  the  committee,  but  it  is  even  simpler,  and 
it  seems  to  be  partic\ilarly  adapted  to  the  larger  cities. 

I  indorse  the  report  of  the  committee  most  cordially,  at  the 
same  time  recognizing,  as  does  the  committee,  that  the  exact 
method  of  distribution  and  computation  employed  eaimot  be  a 
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uni\'ersal  one,  but  imist  l)e  sul)je('t  to  stu(l>'  and  ailaptation  to 
local  conditions. 

Mr.  Edward  W.  1>i;mjs.*  It  has  been  necessary  in  my  con- 
duct of  the  water  department  in  Cleveland  to  study  this  (juestion 
very  carefully.  To-day  Cleveland  has  one  fourth  as  many  meters, 
and  meters  one  fourth  as  iruich  water  as  the  entire  total  shown 
in  the  table  presented  by  the  committee.  We  have  in  use  now 
40  000  meters;  four  years  ago  we  had  only  3  000.  We  set  2  600 
last  month  and  will  set  as  many  more  this  month.  We  will  set 
15  000  this  year.  We  have  now  everything  metered  except  about 
25  000  house  services.  We  have  metered  about  40  000  services, 
large  and  small,  and  we  are  metering  the  others  as  fast  as  we  can. 
Every  service  requiring  a  meter  larger  than  a  f-inch  is  metered  — 
every  city  building,  every  schoolhouse,  every  drinking  fountain. 

Having  studied  the  question  in  this  wa.y,  1  should  like  to  sj^eak 
of  one  or  two  matters  which  are  suggested  by  this  report. 

First,  it  seems  to  me  that  the  discussion  by  Mr.  Herschel  has 
merit  in  calling  attention  to  the  fact  that  even  in  a  gravity  supply 
the  waste  of  water  is  important,  and  for  the  reason  which  he  has 
mentioned  but  which  the  committee  did  not  seem  to  take  into 
account,  viz.,  that  every  ten  or  twenty  years  you  have  to  extend 
}'our  plant  to  reach  new  sources  of  supply,  if  there  is  a  large  waste. 

The  feature  of  the  report  of  the  committee  which  struck  me  as 
being  very  valuable  was  the  idea  of  making  the  abutting  land  pay 
for  the  fixed. charges,  a  matter  which  I  notice  Mr.  Hazen  has  ap- 
proved. That  is  certainly  admirable.  I  have  often  desired  in- 
formation as  to  the  extent  to  which  abutting  land  pays  for  laying 
the  water-pipe  in  the  first  place.  I  understand  that  in  Milwaukee 
that  is  done  in  the  case  of  all  6-inch  mains  outside  of  street  in- 
tersections —  that  the  entire  cost  of  laying  6-inch  mains  is  paid 
by  a  special  assessment  on  abutting  property.  A  recent  law  in 
Ohio  allows  that  to  be  done,  and  it  is  being  done.  For  instance, 
Lakewood,  a  suburb  of  Cleveland,  is  laying  its  water  mains  in  that 
Way. 

And  it  seems  to  me  that  this  is  a  very  correct  method,  antl  one 
not  at  all  out  of  harmony  with  the  report  of  this  committee,  be- 
cause the  laying  of  a  water  main  increases  the  value  of  the  land 

*  Superintendent  of  Water  Works,  Cleveland;  Ohio. 
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on  the  street  more  than  the  cost  of  the  pij^e.  I  hope  some  of  the 
gentlemen  here  who  know  something  about  this  matter  will  give 
us  some  information  as  to  what  other  places,  outside  of  Milwau- 
kee and  one  or  two  cities  I  know  of  in  Ohio,  are  doing  in  the  way 
of  making  special  assessment  for  laying  water  mains.  That  is 
certainly  a  matter  which  ought  to  be  inquired  into. 

The  difficulty,  however,  in  applying  the  principle  of  the  com- 
mittee to  the  assessing  of  water  rates,  is,  I  think,  especiall}-  to  be 
considered  in  the  case  of  large  cities  that  already  have  their  water 
supply.  It  looks  to  me  like  an  admirable  system  in  theory,  and 
one  which  I  think  would  Work  well  in  the  introduction  of  a  plant  in 
a  community,  but  there  would  be  certain  difficulties  in  applying 
it  to  a  large  city  like  New  York  or  Boston  or  Philadelphia.  There 
would  be  the  conservatism  to  be  overcome  in  the  community,  the 
application  of  a  new  principle  of  taxation  for  water  works,  some- 
thing different  from  what  the  people  are  accustomed  to.  and 
something  with  which  they  are  unfamiliar;  and  while  that  is  not 
a  fatal  objection,  it  will,  I  fear,  make  the  introduction  of  such  a 
reform  very  slow;  and  it  may,  therefore,  interest  members  of  the 
Association  to  know  how  Ave  attempted  to  tackle  the  problem 
in   Cleveland. 

We  had  to  face  the  same  difficulty  which  the  committee  had 
to  face  in  introducing  meters.  We  wished  to  make  them  popular, 
and  we  wished  at  the  same  time  to  foretell  to  some  extent  what  the 
effect  on  our  revenue  would  be.  Of  course  we  could  not  do  that 
fully  at  the  start.  We  have  learned  since  much  more  than  we 
knew  at  the  time  as  to  how  little  water  is  used  by  the  average 
house  consumer.  We  have  had  an  analysis  made  of  our  30  000 
meter  bills  which  were  presented  for  payment  in  A])ril;  and  I 
find  that,  excluding  about  4  000  large  meters,  one  half  of  all  the 
rest  average  only  2  000  feet  of  water  in  six  months,  and  one  half 
of  that  number,  or  one  fourth  of  all  the  residences,  average  only 
1  500  feet,  the  other  quarter  of  the  residences  averaging  2  500, 
making  one  half,  or  over  11  000  —  about  12  000  of  our  residences 
out  of  those  that  we  have  metered  —  averaging  only  2  000  feet  of 
water. 

In  order  to  prevent  too  great  a  fall  in  revenue,  and  yet  not  in- 
terfen^  too  imu-li  with  the  accustomed  mode  of  getting  revenue, 
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we  adopted  a  series  of  minimiims  based  on  the  assessment  rate. 
Our  rates  were  lo^v  anyway  to  start  with,  and  yet  we  wanted  a 
minimum  so  low  that  everybody  would  gain  something  by  having 
a  meter.  It  would  not  do,  therefore,  to  have  one  minimum  for 
f-inch  meters,  but  the  great  problem  was  how  to  fix  a  minimum 
for  |-inch  meters,  and  yet  make  it  an  object  for  everybody  to  have 
a  meter  if  he  were  prudent  in  the  use  of  water.  We  adopted 
four  minimums  to  start  with.  Those  whose  annual  rates  were 
$4  or  less  could  have  a  minimum  of  S2.50,  unless  they  used  more 
water.  Of  course  if  they  used  more  than  $2.50  worth  of  water 
they  had  to  pay  for  it,  but  they  had  to  pay  $2.50  anyway.  That 
was  paid  in  semi-annual  installments,  $1.25  each  six  months. 
For  those  whose  annual  assessments  were  $7  or  less,  there  was  a 
$4  minimum,  payable  semi-annually.  For  those  whose  assessment 
rates  were  $10  or  less,  the  minimum  was  $6,  and  for  all  others 
having  a  f-inch  meter  the  minimum  was  $8.  Of  course  these 
particular  figures  would  vary  in  other  cities,  but  the  idea  of  hav- 
ing four  minimums  struck  us  in  Cleveland  at  the  time  as  perhaps 
the  only  practical  solution  of  the  problem.  We  have  since  reduced 
those  four  classes  to  two,  and  we  now  huve  a  $2.50  rate  for  those 
whose  assessment  rate  is  $7  or  less,  and  a  $5  rate  for  all  others 
using  a  |-inch  meter. 

The  other  plan  that  we  considered  was  the  Milwaukee  plan. 
Milwaukee,  as  you  know,  has  between  30  000  and  40  000  meters, 
—  nearly  40  000,  —  which  have  been  put  in  at  the  expense  of  the 
consumers  of  late  years.  There  they  do  not  have  any  minimum, 
but  they  charge  a  dollar  a  year  for  reading  the  meter.  That  sys- 
tem has  its  advantages,  but  the  trouble  with  that,  as  we  thought, 
was  that  if  the  city  is  advertising  that  it  is  putting  in  meters  for 
nothing,  as  we  did,  we  didn't  think  people  would  quite  under- 
stand our  turning  around  and  charging  them  for  reading  the  meter, 
and  we  really  accomplished  the  same  thing  by  our  minimums. 
Our  minimums  do  actually  average  two  dollars  a  year  for  all  the 
house  meters  in  the  different  classes.  So  we  have  accomplished 
what  they  have  attempted  to  do  in  Milwaukee,  and  we  have  at  the 
same  time  met  the  great  objection  that  has  been  raised  by  physi- 
cians against  meters,  that  people  wouldn't  use  enough  water  for 
their  health,  particularly  in  the  poorer  sections   of   the  city  and 
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\\iK're  tliere  arc  \erv  hard  landlonls;  for  with  our  very  low  rate 
for  water,  of  40  cents  per  1  000  feet,  the  minimum  of  $6  wonkl 
allow  the  use  of  129  gallons  with  a  meter  every  day.  So  we  en- 
tirely spiked  the  ,i  uns  of  those  who  were  objecting  to  meters  on 
the  ground  that  they  would  restrict  the  consumption  unduly. 

Now  we  do  not  consider  that  scheme  as  scientific  as  that  sug- 
gested b>'  the  committee  of  having  fixed  charges  apportioned  by 
special  assessment,  either  on  the  entire  land,  which  they  intimate 
might  be  the  better  way,  or  on  the  improved  property,  which  the\ 
think  perhaps  would  have  to  be  done  as  a  matter  of  practical  ex- 
pediency. But  I  think,  perhaps,  it  is  easier  of  adoption  and 
would  accomplish  a  great  deal  in  the  way  of  getting  at  what  we  are 
after  in  cities  that  already  have  adopted  the  assessment  rates,  and 
where  it  is  desirable  to  introduce  meters  without  waiting  for  too 
great  a  reform  in  the  method  of  obtaining  revenue. 

{By  letter,  September  26.)  On  further  consideration  of  the  re- 
port of  the  committee  I  conclude  that  this  suggestion  —  to  have 
the  fixed  charges  paid  by  a  special  assessment  on  improved  prop- 
erty —  is  not  ver}'  different  from  the  proposition  that  the  city 
should  pay  the  water  department  a  liberal  amount  for  fire  pro- 
tection and  water  for  other  public  purposes,  and  should  raise  this 
amount  out  of  the  general  tax  le\'y'.  This  would  secure  money 
not  only  from  improved  property,  but  from  the  unimproved, 
which  the  committee  admits  ought  to  pay  something.  This  would 
not  interfere  with  the  suggestion  I  made  in  my  discussion  in  New 
York  that  6-inch  mains  should  be  laid  l>y  sj^ecial  assessment  on 
all  the  abutting  land. 

Mu.  Charles  W.  Sherman.*  The  committee,  although  they 
do  not  say  so  in  so  many  words,  practically  recommend  a  flat  or 
uniform  price  for  metered  water  after  the  minimum  assessment 
has  been  paid.  That  is  imdoubtedly  desirable  in  theory,  and  in 
many  cities,  perhaps,  can  be  ]:)ractically  applied  with  satisfaction 
to  all  parties.  It  is  not,  however,  always  possible  to  do  that, 
especially  in  the  case  of  private  A\ater  companies.  A  number 
of  rates  per  100  cubic  feet  or  per  1  000  gallons  is  sometimes 
practically  necessary.  And  in  that  connection  1  want  to  state  as 
an  example  of  "  how  not  to  do  it  "  the  rates  of  a  private  water  com- 

*  Civil  Engineer,  Boston,  Mass. 
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pany  in  Indiana  ^vhi('ll  recently  came  to  my  attention,  those  rates 
havinc  been  fixed  by  the  franchise  of  the  company. 

For  a  consumption  not  exceeding  100  gallons  per  day  the  rate 
was  to  be  40  cents  per  1  000  gallons.  For  a  consumption  between 
100  and  200  gallons  per  day  the  rate  was  to  be  30  cents;  between 
200  and  300  gallons  it  was  to  be  25  cents;  and  between  300  and 
1  000  gallons  per  day  the  rate  was  to  be  20  cents  per  1  000  gallons. 
No  rate  was  fixed  above  1  000  gallons  per  day.  As  you  will  readily 
see,  a  customer  using  betw^een  200  and  300  gallons  will  pay  the 
25-cent  rate  for  all  his  water;  consequently  there  will  be  a  point 
under  that  rate  at  which  a  man  using  say  201  or  202  gallons  per 
day  would  pay  a  less  total  sum  than  a  man  using  190  or  19.5  gallons 
per  day,  if  the  rates  were  strictly  adhered  to.  As  matter  of  fact,  I 
believe  this  particular  company  has  made  it  an  office  rule  that 
they  would  charge  no  party  more  for  a  smaller  ciuantity  oi  water 
than  he  woidd  have  to  pay  if  he  had  used  a  larger  ciuantity,  al- 
though I  do  not  know  that  that  is  specifically  advertised.  Under 
the  company's  rule  there  woidd  be  a  certain  range  of  consump- 
tion within  which,  therefore,  the  bill  would  remain  the  same 
whether  the  party  used  more  or  less. 

What  I  wish  to  emphasize  is  the  desirability,  in  case  a  vari- 
able meter  rate  seems  necessary  in  a  water  system,  of  following 
a  method  by  w^hich  the  first  10  000  gallons  per  quarter,  or  what- 
ever is  a  convenient  unit,  be  charged  for  at  one  rate,  and  the  next 
10  000  gallons  or  some  other  fixed  ciuantity  of  water,  be  charged 
for  at  the  next  (reduced)  rate,  the  higher  rate,  however,  applying, 
even  in  the  case  of  a  large  consumer,  to  the  first  fixed  quantity 
of  Water. 

Mr.  Walter  H.  Richards.*  Mr.  President,  this  subject  is 
of  interest  to  every  water-works  superintendent,  if  not  at  the 
present  time,  it  is  likely  to  become  so  very  soon,  because  it  is 
evident  that  we  all  will  have  to  use  meters  in  order  to  have  water 
enough  to  go  around.  As  to  the  rate,  it  seems  to  me  that  it  is. 
simply  a  business  proposition.  You  have  got  so  much  water  to 
sell.  It  has  cost  you  so  much  to  get  it  to  the  point  where  you 
wish  to  deliver  it.  Now,  if  you  divide  what  it  has  cost  you,  that 
is,  interest  on  your  outlay  and  the  cost  of  maintenance,  by  the 

*  Superintendent  of  Water  Works,  New  London,  Conn. 
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number  of  gallons  you  can  furnish,  you  <iet  approximately  the 
lowest  rate  per  1  000  gallons.  After  you  have  got  the  water  into 
the  city,  then  it  costs  you  something  to  get  it  into  a  house,  and 
for  a  large  quantity  it  costs  you  more  than  for  a  small  quantity; 
hence  you  should  have  a  mininuim  rate  which  varies.  That  is, 
a  minimum  rate  for  a  small  service  pipe  would  be  less  than  a 
mininuim  rate  for  a  large  service  pipe.  And  I  think  we  should 
have  different  rates.  —  that  is,  the  rate  should  be  less  for  a  large 
C{uantity  than  for  a  small  c[uantity.  For  I  think  we  should 
consider  somewhat  what  water  is  worth  to  the  man  who  uses  it. 
Of  course  it  is  worth  more  to  the  man  who  drinks  it  than  it  is  to  the 
man  who  uses  it  for  manufacturing  purposes  —  to  make  steam  — 
and  that  should  be  considered  in  making  up  the  rates.  There 
is  a  large  expense  to  keep  the  water  pure;  sometimes  it  has  to  be 
filtered,  and  all  that  is  for  the  benefit  of  the  householder — -the 
man  who  drinks  it  —  and  hence  he  shoidd  pay  a  larger  rate  than  the 
man  who  wants  the  water  only  for  the  purpose  of  making  steam. 
It  seems  to  me  that  each  city  should  have  a  rate  based  upon  its 
own  peculiar  circumstances,  depending  largely  on  what  the  water 
costs,  but  also  upon  other  considerations. 

Mr.  T.  H.  McKenzie.*  There  is  one  point  which  1  think  the 
committee  have  not  covered  in  their  report;  that  is,  the  matter 
of  the  life  or  term  of  usefulness  of  meters,  or  the  length  of  time 
they  can  be  used  before  they  have  to  be  removed  and  new  ones 
substituted.  I  haven't  very  much  experience  with  meters,  but 
I  will  mention  one  instance  where  we  put  a  4-inch  meter  into  a 
mill.  At  the  time  we  put  it  in  the  mill  was  running  only  nine 
hours  a  day,  but  afterwards  they  commenced  to  run  twenty -four 
hours,  and  in  three  years  and  a  half  the  meter  was  practically  worn 
out.  We  found  out  the  condition  of  the  meter  in  this  way :  the 
mill  was  using  some  350  000  gallons  of  water  per  day ;  they  substi- 
tuted pumping  for  some  uses  —  for  cooling  the  furnaces  and  that 
sort  of  thing  —  and  used  our  water  only  for  boiler  purposes;  we 
found  that  certain  days,  when  they  were  running  perhaps  six  or 
seven  hundred  horse-power,  the  meter  scarcely  moved.  Of  course 
most  of  the  small  water  works  do  not  have  facilities  for  testing 
meters  and  determining  when  they  are  worn  out  and  when  they 

*  Treasurer  Water  Company,  Soiithington,  Conn. 
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should  be  removed.  I  tliink  that  people  who  liave  had  a  Iar<ie  ex- 
perience with  meters  can  tell  us  something;  as  to  the  ordinary  life 
of  a  meter,  either  in  terms  of  years  or  in  quantities  of  water  passed 
by  the  meter. 

Mr.  Hugh  McLean.*  I  suppose  this  committee's  object  was 
to  report  on  a  uniform  rate  for  selling  water.  Now,  as  I  under- 
stand it,  what  we  want  to  get  over  are  the  objections  to  jjutting 
in  meters  by  de\'ising  some  rate  which  will  be  as  equal  and  equit- 
able as  possible;  for  instance,  we  put  a  meter  in  for  a  consumer, 
and  the  rate,  we  will  say,  is  a  sliding  rate  of  15  cents  a  thousand 
for  the  first  100  000  gallons,  10  cents  for  the  next  200  000  gallons, 
and  for  all  over  that  it  is  5  cents  per  1  000  gallons.  We  want  to 
make  it  as  easy  as  possible  to  get  the  meters  in.  Some  user  would 
say,  "  Why  must  I  pay  15  cents  for  all  my  water?  "  And  another 
would  say,  "  Why  should  I  pay  10  cents  for  mine?  " 

The  idea  I  advanced  at  our  meeting  in  Boston  was  to  abolish 
these  different  rates,  and  to  have  one  flat  rate  for  all  consumers, 
and  in  that  way  get  rid  of  the  objection  to  ]3utting  meters  in,  and 
make  the  matter  very  simple.  The  small  consumers  say,  "We 
are  citizens,  we  are  eciual  shareholders  in  the  water  department 
with  the  large  consumers  of  water,  and  we  are  entitled  to  have  the 
water  at  as  low  a  rate  as  the  largest  consumei's;  in  fact,  we  ought 
to  have  the  preference  because  we  use  it  to  drink,  and  to  keep 
clean,  and  they  use  it  for  power  and  manufacturing  purjDoses." 
When  you  start  to  put  meters  in,  that  objection  faces  you  right 
away.  So  I  argued  in  favor  of  abolishing  the  different  rates  and 
making  one  flat  rate,  which  shall  be  as  low  as  possible  and  keep  the 
revenue  up  to  what  it  was  before. 

Carrying  out  that  idea,  our  water  department  has  abolished  the 
15-cent  rate,  and  w^e  have  now  only  two  rates,— the  10-cent  and 
5-cent.  By  abolishing  the  15-cent  rate  we  lessened  our  revenue 
about  two  thousand  dollars,  but  we  added  meters  so  that  we  in- 
creased our  revenue  about  two  thousand  five  hundred  dollars 
and  decreased  our  consumption  from  159  to  105  gallons  per 
capita  —  a  saving  of  two  million  gallons  a  day.  Now  we  pro- 
pose to  continue,  and  on  the  first  of  January  we  may  abolish  the 
10-cent  rate  and  have  only  one  flat  rate,  and  we  expect  the  peo- 

*  Member  Water  Board,  Holyoke,  Mass. 
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pie  will  then  allow  us  to  put  meters  in,  because  we  can  sa\'  in  all 
justice,  "  This  water  belongs  to  the  community,  to  all  the  citizens 
equally,  and  we  propose  to  see  that  it  is  sold  at  the  same  price 
to  all."  As  it  is  now,  the  man  who  is  using  a  small  quantity  pays 
twice  as  much  for  it  as  the  man  who  is  using  a  large  quantity ;  and 
how  can  you  stop  that  injustice,  the  giving  of  that  benefit  to  the 
large  consumer  over  the  small  coiisunier,  unless  you  have  one 
flat  low  rate? 

Many  business  interests  to-day  are  consolidating,  and  as  a  result 
they  are  getting  water  at  the  cheap  rate.  For  instance,  a  mill 
which  used  200  000  gallons  of  water  every  month  paid  10  cents 
per  1  000  gallons  for  it.  But  20  mills  combine  under  one  name 
and  call  themselves  the  American  Paper  Company,  or  whatever 
name  they  choose,  and  the  20  mills  have  their  water  bills  lumped 
together,  and  they  get  all  their  water  above  the  first  200  000  gallons 
at  the  5-eent  rate.  Now  how  are  you  going  to  stop  a  consolidation 
like  that  from  robbing  your  department,  because  the  various 
concerns  become  one  individual  after  they  have  consolidated, 
and  they  will  buy  the  water  as  one  and  not  as  many? 

The  only  fair,  equitable  way  for  a  municipal  department  is  to 
sell  water  to  all  the  citizens  at  the  one  flat  rate,  which  shall  be  as 
low  as  possible  and  yet  furnish  the  revenue  necessary  to  operate 
the  department. 

Now  so  far  as  the  reconmiendation  to  assess  property  is  con- 
cerned, I  think  that  would  be  a  step  in  the  wrong  direction.  It 
would  be  in  the  line  of  double  taxation.  You  might  just  as  well 
argue  that  you  should  tax  property  for  putting  in  gas  pipes  or 
electric-light  wires  or  street  railways.  All  those  things  increase 
the  value  of  the  adjoining  property,  and  the  owner  of  the  property 
really  has  to  pay  for  the  improvement  in  value  by  increased  taxes. 

I  think  the  simplest  way  is  to  charge  so  much  annually  for 
every  hydrant  for  fire  protection.  That  guarantees  you  a  stated 
amount  for  each  hydrant  set  by  the  department.  As  far  as  meters 
are  concerned,  the  preferable  way  in  my  opinion  is  to  set  up  the 
meter  for  the  consumer  and  charge  him  a  certain  per  cent,  on  the 
cost  of  the  meter  and  for  the  labor  in  maintaining  it,  keeping  it  in 
good  condition  and  reading  it.  If  a  meter  costs  $12,  charge 
him  say  10  jier  cent,  on  the  investment,  and  that  will  be  coming 
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back  annually  in  the  form  of  interest  on  the  money  you  spend 
for  meters.  There  should  be  only  one  price  charged  for  water, 
just  the  same  as  there  is  only  one  price  for  any  commodity  that 
the  government  sells.  Gas  is  sold  at  so  much  a  thousand  feet, 
the  same  to  everybody;  electricity  so  much  a  kilowatt;  and 
water  should  be  sold  in  the  same  way.  That  is  justice,  and  all 
citizens  are  entitled  to  it. 

Mr.  Frank  L.  Fuller.*  It  has  always  seemed  to  me  that  the 
first  use  of  water  was  for  the  householder,  for  the  man  who  has  to 
use  it  to  sujjply  his  family.  This  is  what  the  system  is  pri- 
marily introduced  for.  Now,  why  should  a  man  who  uses  water 
for  profit  get  it  for  a  less  price  than  a  man  who  uses  it  from  neces- 
sity, who  must  have  it  for  the  use  of  his  children  and  for  the 
ordinary  domestic  purposes?  I  think  probabl\-  the  large  per- 
centage of  domestic  consumption  is  by  families  in  moderate  cir- 
cumstances, —  a  good  many  of  them  poor  families,  —  who 
cannot  afford  to  pay  too  much  for  their  necessities.  A\'hy  should 
a  m'an  who  makes  money  out  of  the  water,  who  uses  it  for  manu- 
facturing purposes,  for  making  steam,  etc.,  get  it  at  a  less  price 
than  the  man  who  makes  nothing  out  of  it,  but  who  uses  it  from 
necessity?  In  Wellesley  we  have  one  rate,  and  I  thoroughly 
believe  that,  for  the  ordinary  country  town,  that  is  the  proper 
method.  The  greenhouse  people  there  say,  "  We  are  using  this 
water  in  our  business,  we  get  our  living  from  our  greenhouses, 
and  we  think  we  ought  to  have  it  at  a  cheaper  rate."  But  our 
reply  has  generally  been,  "  You  use  the  town  water  because  it  is 
the  cheapest  water  you  can  get;  it  is  cheaper  for  you  to  use  this 
than  it  would  be  to  pump  it  yourselves;  you  make  money  out  of 
your  flowers,  and  why  shouldn't  you  pay  just  as  much  for  the 
water  as  the  ordinary  man  who  has  a  family,  who  makes  nothing 
out  of  the  water?  "  It  seems  to  me  that  there  is  a  good  deal  of 
force  in  that  argument,  and,  so  far  as  my  observations  have  gone, 
that  a  reasonable  flat  rate  is  the  better  principle  to  go  on. 

Mr.  F.  a.  W.  Davis. t  This  discussion  may  be  getting  tiresome 
to  some  of  you,  but  the  questions  present  so  many  different 
features  and  affect  such  different  interests  that  it  takes  some  time 

*  Civil  Engineer,  Boston,  and  member  water  board,  Wellesley.  Mass. 
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to  fjo  over  the  entire  ground.  Some  sugge.stions  have  been  made 
which  I  should  Ukc  to  answer.  I  am  not  going  to  criticise  the 
report  of  the  committee,  for  I  think  that  it  is  an  able  report,  and 
it  certainly  shows  that  the  committee  has  spent  a  good  deal  of 
time  upon  it  and  given  the  c[uestions  considerable' thought. 

The  reasons  for  setting  meters  are  different.  Some  of  them  are 
as  follows: 

1.  To  stop  waste. 

2.  To  increase  the  revenue. 

3.  To  avoid  increasing  the  size  of  the  mains. 

4.  To  prevent  suri'eptitious  use  of  water. 

5.  To  prevent  one  neighbor  from  supplying  another. 

6.  To  ascertain  if  consumers  are  paying  as  much  as  they  should. 
There  may  be  other  reasons,  but  these  are  sufficient. 

It  is  somewhat  experimental  to  set  meters  to  increase  the 
revenue,  for  it  has  often  proven  the  means  of  reducing  the  revenue. 

As  to  the  use  of  meters  making  it  unnecessary  to  increase  the 
size  of  mains,  it  is  c{uestionable.  Mains  should  be  adequate  and 
of  sufficient  size,  for  we  are  not  at  all  times  able  to  determine  if  it 
is  legitimate  or  illegitimate  use  that  incapacitates  certain  mains 
from  delivering  a  reasonable  supply  to  the  citizens  on  the  lines. 

To  prevent  surreptitious  use  and  neighborly  accommodation  is 
commendable. 

So  it  is,  in  setting  a  meter,  to  ascertain  if  the  c|uantity  of  water 
taken  and  paid  for  under  the  flat  rate  is  greater  than  it  should  be. 
It  has  been  found  in  the  experience  of  nearly  every  water  works 
that  there  are  cases  where  the  cjuantity  of  water  used  does  not 
yield  a  revenue  of  one  cent  a  thousand  gallons. 

The  waste  problem  is  comparable  to  that  of  taking  coal  without 
pay.  A  man  without  money,  and  with  a  family  to  warm,  gets  a 
wheelbarrow  and  helps  himself  to  the  coal  pile  of  the  water 
works.  His  visits  become  frec^uent  and  by  and  by  he  is  detected, 
arrested,  and  sent  to  the  workhouse.  The  man  who  wilfully 
throws  down  the  hose  on  the  lawn,  turns  it  into  the  sewer  or  street, 
or  allows  his  fixtures  to  run  continuously,  does  for  the  water 
works  the  same  thing  as  the  man  who  takes  the  coal  away  in  the 
w^heelbarrow,  the  only  difference  being  that  in  the  first  case  the 
family  get  some  benefit  from  the  coal,  while  the  man  who  wastes 
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the  water  gets  no  benefit  for  himself  or  others,  and  yet  he  gets 
away  with  the  coal  of  the  company.  It  may  cost  the  company 
only  hundreds  of  pounds  of  coal  to  furnish  that  man  water,  but  if 
he  makes  it  cost  thousands  of  pounds  of  coal,  he  does  the  same 
thing  as  the  man  who  takes  it  away  in  the  wheelbarrow,  for  they 
both  get  away  with  the  coal  of  the  company  without  compensation. 
In  this  case,  it  woidd  seem  that  a  meter  is  necessary  to  correct  his 
conscience. 

As  to  the  rates  for  metered  water,  they  should  be  adequate  to 
meet  the  requirements  of  the  works  in  the  city  where  located. 
What  is  just  and  equitable  in  one  place  may  be  onerous  and 
burdensome  in  another.  A  single  rate  is  not  proof  against  trouble, 
and,  as  a  matter  of  fact,  is  not  more  equitable  than  the  graduated 
rate.  The  one  rate  may  be  fixed  at  what  seems  a  safe  basis. 
Then  comes  a  time  of  depression  in  business  which  forces  econ- 
omies in  every  way,  and  the  water  department  comes  in  for  a' 
reduction  of  its  revenue  by  reason  of  the  decrease  in  the  demand 
for  water,  so  that  the  revenue  will  not  pay  interest  and  operating 
expenses.  The  deficit  must  be  met  by  raising  rates  or  increasing 
taxes,  to  which  there  would  be  serious  objection  on  the  part  of  the 
people.  Often  the  raising  of  the  rate,  or  increasing  taxes,  means 
loss  of  power  by  the  political  party  in  control. 

There  is  less  office  work  in  a  single  rate,  but  the  graduated  scale 
saves  the  department  from  embarrassment  and  loss,  and  is  safer 
as  a  business  proposition  than  the  single  rate.  The  single  rate 
may  be  more  popular,  but  it  does  not  save  the  department  from 
trouble.  If  you  tax  your  memories,  you  will  recall  that  the 
single  rate  is  often  shaded  for  large  consumers,  notwithstanding 
the  fact  that  it  is  intended  to  be  alike  to  all.  When  the  shaded 
rate  becomes  known,  then  there  is  trouble.  Objections  are 
made  to  giving  a  lower  rate  to  manufacturers  using  a  large  cjuan- 
tity  of  water.  The  graduated  scale  permits  furnishing  them 
water  at  a  rate  based  upon  the  quantity  used,  and  it  is  not  a  viola- 
tion of  the  rules  of  the  department  governing  rates,  and  is  in 
accord  with  the  business  methods  of  the  country.  A  man  who 
puts  forth  energy  and  skill  is  entitled  to  recognition  of  his  ability. 
Without  some  incentive,  the  best  results  are  not  obtainable. 
A  man  who  establishes  a  business  and  becomes  a  large  consumer 
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of  water  is  entitled  to  have  the  water  furnished  at  the  lowest 
possible  rate  that  is  fair  to  the  water  works,  for  the  reason  that 
his  establishment  adds  value  to  the  city  and  he  becomes  a  large 
tax-payer  and  a  sujjporter  of  a  large  number  of  ])eo|)lp  by  furnish- 
ing them  employment. 

Often  at  the  one  low  meter  rate,  the  earnings  of  many  of  the 
meters  are  not  equal  to  the  cost  of  reading  the  meter,  let  alone 
paying  interest  and  the  maintenance  of  the  meter. 

A  reasonable  frontage  tax  is  justifiable  upon  ])ropertA-  along 
a  street  in  which  a  new  main  has  been  laid  until  there  is  sufficient 
business  developed  on  the  main  to  prevent  a  loss  to  the  city.  In 
the  case  of  a  private  company,  the  city  pays  the  company  a 
hydrant  rental  which  covers  all  the  water  used  for  fires  and  the 
flushing  of  sewers.  It  is  generally  supposed  that  the  hydrant 
rental  is  an  expense  to  the  city  not  reimbursed,  but  the  taxes  paid 
by  the  water  company  on  its  mains  and  hydrants,  and  the  taxes 
paid  by  the  people  who  were  induced  to  build  houses  on  the  street 
by  reason  of  the  laying  of  the  main,  constitutes  a  permanent 
source  of  revenue  to  the  city,  which  usually  exceeds  the  amount 
paid  for  hydrant  rental,  besides  adding  to  the  value  of  the  property 
along  the  street  in  which  the  main  is  laid. 

Frontage  tax  can  be  imposed  by  the  city,  and  is  a  means  of 
obtaining  revenue  that  a  private  company  cannot  avail  itself  of. 
In  the  case  of  the  city,  if  the  revenue  is  not  sufficient,  the  tax- 
payers are  obliged  to  keep  on  maintaining  the  works  and  paying 
the  interest  upon  the  bonds  issued  to  build  the  works.  The 
bonds  and  stock  of  a  private  company  are  often  held  by  estates, 
retired  business  men,  orphans,  trust  companies,  and  savings  banks. 
Therefore,  the  company  should  not.  under  any  circumstances, 
make  rates  that  would  not  at  all  times  and  under  all  circum- 
stances furnish  sufficient  money  to  maintain  the  water  works, 
pay  interest  upon  the  bonds  and  a  reasonable  dividend  to  the 
stockholders.     By  so  doing  it  gives  stability  to  its  securities. 

Meter  rates  should  be  graduated  so  as  not  to  furnish  more 
water  for  less  money  or  induce  a  waste,  in  view  of  the  constantly 
increasing  cost  of  water,  made  so  by  expensive  filtration  systems, 
getting  Avater  from  a  greater  distance,  and  the  storing  of  water 
which    is    tuadc    necossarv    hv    tlie    water's    continunlly    growing 
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scarcer.  To  me  it  does  not  seem  like  a  reasonable  business  propo- 
sition to  make  the  same  rate  for  100  as  for  1  000  000  gallons. 
If  the  one  rate  is  made  too  high,  then  the  department  does  not 
get  the  business;  it  too  low,  it  is  equally  unfortunate.  I  do  not 
know  of  any  water  works  that  does  not  recognize  the  principle 
in  a  flat-rate  schedule  by  selling  the  second  bath  or  closet  at  less 
than  the  first.  If  this  is  right  in  a  flat-rate  schedule,  why  not  in  a 
meter  schedule? 

Mr.  W.  C.  Hawlky.*  I  think  we  must  all  recognize  that  this 
report  is  a  step  in  the  right  direction,  and  one  which  will  be  of 
benefit  to  a  great  many  water  plants.  I  do  not,  however,  want 
to  leave  it  in  the  position  of  its  being  the  unanimous  opinion  of 
those  present  that  this  is  a  principle  which  will  apply  in  all  cases, 
and  that  the  rates  computed  in  the  cases  cited  —  5  cents  to  15 
cents  per  thousand  gallons  —  are  rates  at  which  our  private  com- 
panies should  be  selling  water.  As  a  rule  the  rates  which  private 
companies  can  charge  are  fixed  in  their  franchises,  and  it  is  an 
absolute  impossibility  to  change  them  in  accordance  with  any 
suggested  schedule,  however  desirable  that  schedule  may  be. 
This  report  enunciates  a  larinciple  which  can  be  followed  by  many 
municipalities,  but  it  cannot  be  followed  by  more  than  a  very  few 
private  water  companies. 

There  is  one  matter  which  occurs  to  me  in  connection  with  this 
report  regarding  the  assessment  on  frontage.  That  is  probably 
a  A'ery  equitable  way  of  getting  at  it  in  a  small  town.  But  in 
these  days  of  skyscrapers  and  apartment  houses,  I  think  that 
the  height  of  the  building  should  enter  into  the  assessment, 
especially  in  the  larger  places. 

This  matter  of  a  uniform  rate  is  simply  a  question  of  wholesale 
and  retail  business,  ^'ou  cannot  draw  the  line  too  finely,  and 
undoubtedl}'  a  flat  rate  is  the  proper  thing  in  a  majority  of  the 
smaller  places;  but  any  water  works  man  knows  that  it  costs 
more  money  so  sell  ten  million  gallons,  we  will  say,  in  a  year 
through  one  thousand  meters  than  it  does  to  sell  ten  million 
gallons  to  half  a  dozen  consumers  through  half  a  dozen  meters. 
There  is  the  care  and  maintenance  of  the  meters,  the  bookkeeping 
and  reading  and  all  that  sort  of  thing  entering  into  it,  and  it  is  a 

*  General  Superintendent,  Pennsylvania  Water  Company,  Wilkinsburg,  Pa. 
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question  of  the  cost.  You  cannot  make  a  uniform  ])rice  any 
more  than  the  storekeeper  can  put  his  caHco  and  his  silk  at  a 
uniform  price. 

The  opposition  to  meters,  in  my  experience,  comes  from  two 
sources. —  ignorance  and  pohtics.  Once  in  awhile  we  get  a  com- 
bination of  the  two,  as  we  have  recently  in  a  western  Pennsylvania 
city,  in  which  the  ignorant  ]X)litician  has  made  an  exhibition  of 
himself  which  I  think  surpasses  anything  which  has  ever  been  seen 
in  this  country  previously.  But  once  the  meter  system  has  been 
introduced  and  people  have  become  used  to  it.  it  would  be  many 
times  more  difficult  to  take  the  meters  out,  and  go  back  to  the 
fixture  rate,  than  it  was  to  introduce  the  meters  in  the  first  place. 

One  gentleman  in  discussing  the  report,  as  I  understood  him, 
expressed  the  idea  that  no  difference  should  be  made  between  the 
uses  to  which  the  water  should  be  put.  My  experience  is  that  you 
must  make  a  sharp  distinction  between  the  water  that  is  used  for 
fire  protection  and  that  used  for  other  purposes,  especially  in  the 
smaller  classes  of  mills,  such  as  those  which  do  not  come  under 
the  Factory  ^Mutual  Insurance  Companies.  They  will  want  a 
4-  or  a  6-inch  service  where  a  2-inch  or  a  3-inch  would  be  ample, 
and  they  will  want  to  attach  their  sprinkler  system  to  it  and  fire 
hydrants,  and  they  won't  expect  to  pay  you  a  cent  for  the  fire 
protection  which  is  afforded  unless  they  should  use  the  water,  and 
then  they  want  it  at  the  low  meter  rate.  Our  company  to-day  is 
making  a  distinction  in  its  contracts.  We  prohibit  absolutely  the 
use  of  any  water  for  fire  protection  under  a  domestic  or  manu- 
facturing contract,  and  require  a  separate  contract  and  a  separate 
service  for  fire  protection.  I  think  that  is  a  principle  which  is 
just  and  right.  There  is  a  cost  for  fire  protection  service  which 
does  not  enter  into  the  supplying  of  water  for  domestic  or  manu- 
facturing purposes,  but  which  is  distinct  and  separate  from  it, 
and  the  private  company  or  municipality  is  entitled  to  payment 
for  that. 

i\Ir.  Robert  J.  Thomas.*  Of  course  in  New  England  our 
conditions  may  be  somewhat  different  from  w^hat  they  are  with 
the  private  companies  in  the  West  in  the  matter  of  not  being 
taxed    directly,   but   superintendents   of   water   works    in    New 

*  Superintendent  of  Water  Works,  Lowell,  Mass. 
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England  know  that  they  are  taxed  in  an  indirect  manner,  at 
least,  —  that  is,  a  considerable  portion  of  their  revenue  has  been 
taken  awa3\  In  some  cities  the  municipal  water  works  have 
to  furnish  free  water  to  the  schools,  public  buildings,  fire 
department,  and  to  the  park  department.  So  in  that  \vay  we 
are  being  taxed  indirectly  and  we  have  to  allow  for  that  in  making 
our  rates. 

In  the  matter  of  a  sliding  scale,  our  water  boards  have  had  to 
take  into  consideration  that  there  are  manufacturers  in  our 
New  England  cities  W'ho,  if  they  did  not  get  water  at  a  certain 
price,  —  that  is,  at  the  lower  scale,  —  would  put  in  their  own  water 
works.  In  that  way  they  are  really  depriving  the  w^ater  depart- 
ment of  its  proper  revenue,  and  are  postponing  still  further  the 
time  when  the  city  can  reduce  the  rates  for  all  takers. 

So  we  look  at  it  from  different  standpoints.  Mr.  McLean  of 
Holyoke  thinks  we  ought  to  have  a  fiat  rate.  Down  in  the  eastern 
part  of  Alassachusetts  we  think  that  the  sliding  scale  is  the  thing 
and  that  w^e  ought  to  cater  to  some  extent  to  the  manufacturers 
in  order  to  induce  them  to  become  customers  of  the  water  depart- 
ment, that  our  revenue  may  be  thereby  increased,  and  that  we 
may  be  able  in  that  way  to  sooner  reduce  the  charge  to  the  small 
consumers.  So  you  see  that  even  among  municipal  waiter  works' 
officials,  even  in  the  state  of  Massachusetts,  there  is  a  difference 
of  opinion  on  these  matters. 

Mr.  Frank  C.  Kimball.*  I  have  to  do  almost  wholly  with 
private  corporations,  and  I  have  dealt  with  such  corporations  not 
only  in  New  England  but  in  the  South  and  the  West.  The  com- 
mittee in  presenting  their  report  have  given  us,  I  think,  some 
very  valuable  suggestions  to  consider.  In  several  instances  where 
it  has  fallen  to  me  as  a  part  of  my  duty  to  prepare  schedules  I  have 
run  across  a  number  of  difficulties,  as  undoubtedly  the  committee 
have  —  as  is  somewhat  shown  in  their  report  —  and  w^hich  have 
been  referred  to  by  members  here  to-day.  For  instance,  in  the 
matter  of  a  minimum  rate,  I  think  it  goes  without  saying  that  a 
minimum  rate  is  an  absolute  necessity.  Even  Milwaukee,  which 
boasts  of  having  no  minimum  rate,  does  really  have  one  under 
the  guise  of  a  charge  for  reading  meters,  although  to  be  sure  it  is  a 

*  Civil  Engineer,  Boston,  Mass. 
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low  one.  And  the  point  whifh  was  brought  out,  I  think,  by 
Professor  Bemis,  that  Milwaukee  also  requires  all  their  6-inch 
mains  to  be  paid  for  by  the  abutting  property,  is  a  charge  equiva- 
lent to  a  minimum  rate  in  itself.  Of  course  private  companies 
cannot  do  that,  but  still  as  he  has  asked  for  experiences  along 
that  line,  I  will  say  that  one  comj)any  I  have  had  to  do  with  has  in 
effect  done  the  same  thing  in  this  way:  In  developing  land, 
when,  to  bring  it  into  the  market  to  sell  to  good  advantage  it  has 
been  necessary  to  have  water  mains  and  a  water  supply,  the  com- 
pany has  laid  such  mains  entirely  at  the  expense  of  the  owners  of 
the  land,  but  under  a  contract  whereby  those  mains,  of  course, 
belong  to  and  are  under  the  control  of  the  water  company;  the 
company  on  their  part  agreeing  to  pay  back  to  the  owners  of  the 
land  from  one  half  to  two  thirds  of  all  the  revenue  received  from 
the  sale  of  water  from  those  pipes  until  they  receive  in  return 
all  that  they  have  advanced.  That  is  one  way  that  private  com- 
panies can  get  a  part  of  this  money,  or  at  least  be  sure  of  a  revenue 
from  their  investment.  Still  they  do,  of  course,  labor  under 
greater  disadvantages  than  do  municipal  corporations. 

The  question  of  a  minimum  rate  based,  as  I  understand  it  is  at 
Cleveland  and  at  some  other  places,  on  the  fixtures  in  a  house, 
hardly  appeals  to  me  from  the  fact  that  one  advantage  of  a  meter 
is  that  it  does  away  with  the  annoyance  of  house-to-house  inspec- 
tion. People  as  a  rule  dislike  to  see  a  water-works  inspector 
rummaging  about  their  houses,  in  their  closets  and  bath  rooms 
and  other  places,  to  see  what  fixtures  they  have  got.  Adopt  a 
minimum  based  upon  fixture  rates  and  you  still  have  to  make 
house-to-house  inspections,  possibly  not  to  the  extent  that  it  is 
done  when  rates  are  based  upon  fixtures  solely,  but  nevertheless 
it  has  to  be  carried  on  to  a  considerable  extent.  A  minimum  of  a 
stated  amount,  without  regard  to  the  \i\\ue  of  the  property-  or 
the  fixtures  in  it,  nuist  either  be  fixed  so  high  that  you  cannot 
meter  the  small  consumers  or  it  will  make  the  cost  of  the  water 
prohibitive  to  them;  so  that  at  the  first  glance,  it  seems  as  though 
the  committee  in  its  report  had  hit  somewhere  near  the  right 
solution  of  the  problem  in  some  of  its  phases. 

On  the  other  hand,  a  minimum  based  upon  frontage  will  not 
work  e(iuitably  in  all  cases.     Take  it  in  a  large  city,  houses  and 
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flats,  occupy iuii'  jx'rhaps  20  to  25  feet  I'routaiie,  will  not  begin  to 
pay  the  niiinmuni  rate  of  a  small  4  to  O-rooni  house  in  the  out- 
skirts, whieli  miglit  occupy  and  therefore  jia\'  on  a  5()-foot  lot, 
while  from  their  value  and  use  of  water  such  flats  should  pay  a 
higher  rate.  Whether  or  not  a  minimum  could  be  established 
that  would  do  away  with  house-to-house  inspection,  based 
perhaps  upon  frontage  plus  height,  or  upon  some  method  of 
valuation,  I  do  not  know.  I  think  it  is  a  ([uestion  that  could  well 
be  referred  back  to  the  connnittee  in  the  light  of  the  various 
experiences  that  have  been  given  here. 

Now,  as  to  the  (luestion  of  rates,  wholesale  and  retail,  it  seems 
to  me  that  this  is  a  logical  way  to  sell  water,  and  for  this  reason : 
The  first  cost  of  delivering  water  is  the  greatest,  and  the  use  of  a 
maximum  of  100  gallons  a  day,  Ijy  one  party,  costs  as  much 
within  certain  limits  to  supply  as  to  supply  the  same  cpiantitv  to 
a  person  using  1  000  or  2  000  gallons  a  day.  Of  course  when  you 
get  to  a  certain  point  where  you  have  to  enlarge  your  mains,  that 
brings  it  under  another  classification.  But  in  making  out  new 
schedules  of  rates  it  has  always  appeared  to  me  that  the  fairest 
way  to  make  meter  rates  is  to  charge  for  the  first  ciuantity  of 
water,  whatever  it  is,  say  10  000  or  50  000  gallons  a  month,  a 
stated  price  regardless  of  the  ultimate  quantity  used.  For  the 
next  c[uantity  of  water  charge  a  lower  price,  and  perhaps  for  a 
third  and  fourth  larger  c[uantit\'.  getting  up  into  the  amounts 
that  large  mills  would  use,  much  loA\er  prices.  There  is  no 
question,  then,  of  paying  more  for  a  lesser  ([uantity  than  you  do 
for  a  greater  quantity.  I'>\'ery  one  |oa>s  an  equal  amount  for  the 
first  quantity  used,  and  it  recognizes  the  princiijle  that  the  sup{)ly 
of  that  first  ciuantity  costs  just  as  Uiuch  for  one  as  it  does  for 
another.  Then  there  is  a  point  where  witb.in  certain  limits  the 
only  additional  cost  is  the  expense  of  pumping  and  perhaps 
purifying  additional  water,  until  the  time  that  you  have  to  lay 
larger  mains;  and  you  can  afTord  to  sell  that  excess  at  a  mucli  less 
price  and  still  make  a  good  profit  on  it.  For  that  reason,  and  for 
the  sake  not  only  of  encouraging  manufacturers  to  use  }()ur 
water  but  to  keep  them  from  putting  in  supplies  of  their  own, 
1  think  a  sliding  schedule  on  that  basis  is  eminently  proper. 
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^Ir.  Kenneth  Allex*  {by  letter).  The  committee's  plan  of  a 
rate  for  water  based  l^otli  upon  frontage  and  consumption  appears 
reasonable  and  practicable.  To  devise  a  scheme  that  •udll  be 
equit:i1)le  in  all  cases  seems  to  be  as  difficult  as  to  find  a  prac- 
ticable method  of  assessing  for  sewers  and  paving  that  will  meet 
with  universal  approval,  and  we  can  only  adopt  that  method 
wliicli,  while  approximately  fair  to  all,  is  at  the  same  time  not 
too  cumbrous  to  put  into  practice. 

One  difficulty  that  would  be  avoided  by  the  ])ro posed  ])lan  is  the 
fixing  of  a  proper  minimum  rate.  In  the  writer's  opinion  the 
minimum  rate  should,  where  used,  represent  the  items  —  such  as 
actual  cost  to  the  water  department  for  installation  and  main- 
tenance of  service  —  for  which  the  frontage  rate  is  provided. 
Now,  this  is  frequentl^v  a  small  sum  in  comparison  with  the  value 
of  water  used,  and  if  the  minimum  rate  charged  is  much  in  excess 
of  this  amount  the  true  value  of  the  meter  system  is  to  that 
extent  lost.  In  other  words,  the  ordinary  charge  for  water  should 
be  in  excess  of  the  minimum  rate  instead  of  the  reverse,  and  the 
meter  rate  so  adjusted  as  to  provide  the  rec[uired  revenue. 

[On  motion  of  Mr.  Charles  W.  Sherman  it  was  voted  that  the 
report  of  the  committee  be  accepted  and  the  committee  continued.] 

*  Engineer  and  Superintendent  of  Water  Works,  Atlantic  City,  N.  J. 
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June  Meeting. 

Attleboro,  Mass.,  Jmie  2S.  1905. 
The  June  meeting  of  the  Association  was  held  at  Attleboro, 
Mass.,  on  Wednesday,  the  28thinst.,  with  an  attendance  of   one 
hundred  and  fifty-three  members  and  guests,  as  follows: 

Members. 
S.  A.  Agaew,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  F.  D.  Berry,  J.  F. 
Bigelow,  J.  M.  Birmingham,  George  Bowers,  C.  L.  Bowker,  G.  A.  P.  Bucknam, 
J.  Burnie,  L.  Z.  Carpenter,  S.  K.  Clapp,  L.  P.  Collins,  M.  F.  Collins,  M.  J.  Doyle, 
J.  W.  Ellis,  W.  E.  Foss,  F.  L.  Fuller,  W.  B.  Fuller,  H.  F.  Gibbs,  J.  C.  Gilbert, 
A.  S.  Glover,  J.  A.  Gould,  J.  O.  Hall,  W.  D.  Hubbard,  J.  W.  Kay,  W.  Kent, 
G.  A.  King,  W.  F.  Learned,  J.  W.  Locke,  A.  A.  Knudson,  T.  H.  McKenzie, 
H.  McLean,  H.  V.  Macksey,  D.  A.  Makepeace,  W.  E.  Maybury,  J.  Mayo,  F. 
E.  Merrill,  C.  A.  Mixer,  F.  L.  Northrop,  J.  W.  Smith,  G.  H.  Sneil,  G.  A.  Stacy, 
J.  T.  Stevens,  W.  F.  Sullivan,  L.  A.  Taylor,  R.  J.  Thomas,  W.  H.  Thomas,  J. 
L.  Tighe,  D.  N.  Tower,  C.  K.  Walker,  J.  C.  Whitney,  W.  P.  Whittemore, 
L.  J.  Wilber,  I.  S.  Wood,  F.  I.  Winslow,  G.  E.  Winslow,  H.  D.  Woods.  —  59. 

Associates. 
Asht'on  Valve  Co.,  by  C.  W.  Houghton;  Harold  L.  Bond  Sz  Co.,  by  Harold 
L.  Bond;  Henry  A.  Depser;  Builders  Iron  Foundr}^,  by  F.  N.  Connet  and 
A.  B.  Coulters;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Fred  C.  Gifford;  Hersey 
Mfg.  Co.,  by  Albert  S.  Glover  and  Walter  A.  Hersey;  Jenkins  Bros.,  by  R. 
H.  Stiles;  Lead  Lined  Iron  Pipe  Co.,  by  T.  E.  Dwyer;  H.  Mueller  Mfg.  Co., 
by  W.  L.  Dickel  and  O.  B.  Mueller;  National  Meter  Co.,  by  C.  H.  Baldwin 
and  J.  G.  Lufkin;  Rensselaer  Mfg.  Co.,  by  F.  S.  Bates  and  C.  L.  Brown; 
Piatt  Iron  Works  Co.,  by  F.  H.  Hayes;  A.  F.  Smith  Mfg.  Co.,  by  F.  N.  Whit- 
comb;  Sweet  &  Doyle  Valve  Co.,  by  H.  L.  De Wolfe;  Thomson  Meter  Co., 
by  S.  D.  Higley;  Union  Water  Meter  Co.,  by  F.  L.  Northrop  and  W.  F. 
Hogan;   R.  D.  Wood  &  Co.,  by  Wm.  F.  Woodburn.  —  24. 

Guests. 

A.  N.  French,   Supt.,  Hyde  Park  Water  Co.,   Hyde  Park,  Mass.;    John 

Kelley,  Comr.,  and    Mrs.  W.  E.  Maybury,  Braintree,  Mass.;    Mr.  and  Mrs. 

Walter  Phillips,  Weymouth,  Mass.;   Mr.  G.  W.  Strandberg,  Chas.  McConnell 

James  A.  McKenna,   Providence,  R.  I.;      Elisha  T.  Jenks,   H.    W.  Sears,  A. 
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G.  Hayes,  Mr.  Amos  II.  Eaton,  Waltt-r  A.  Beals,  Midtlleboro  Mass.;  George 
A.  Carpenter,  Pawtueket,  R.  I.;  Arthur  C.  King,  Taunton,  Mass.;  A.  L. 
Mixer,  Rumford  Falls,  Me.;  D.  Kingman,  li.  H.  Chase,  Brockton,  Mass.; 
N.  B.  Tower,  Cohasset,  Mass.;  Ajidi-ew  R.  McCallum,  Whitman,  Mass.;  I. 
C.  Sears,  E.  A.  Baxter,  Hj'annis,  Mass.;  Mrs.  George  E.  Winslo\A-,  Waltham, 
Mass.;  Mrs.  Frederic  I.  Winslow,  George  W.  Blodgett,  Mr.  and  Mrs.  E.  S. 
Dorr,  Katharine  T.  McCarthy,  E.  F.  Clasby,  Boston,  Mass.;  C.  A.  Peirce, 
Syracuse,  N.  Y.;  W.  H.  Van  Winkle,  New  York  City;  Mrs.  Wm.  F.  Wood- 
burn,  Philadelphia,  Pa.;  Mrs.  Willard  Kent,  Narragansett  Pier,  R.  I.;  Mrs. 
H.  D.  Woods,  West  Newton,  Mass.;  Mrs.  George  Bowers,  Miss  Helen  E.  Bow- 
ers, Lowell,  Mass.;  Mr.  F.  A.  Leavitt,  Maiden,  Mass.;  B.  Dwyer,  Hartford, 
Conn.;  Mrs.  L.  J.Wilbur,  Brockton,  Mass.;  Mrs.  H.  A.  Desper,  Worcester, 
Mass.;  L.  P.  Stone,  Natick,  Mass.;  Mr.  L.  ]M.  Hudson,  Thomas  Burke,  Marl- 
boro, Mass.;  W.  H.  Day,  Milford,  Mass.;  George  H.  Palmer,  Wm.  H. 
Goff,  E.  S.  Horton,  Peter  Nemay,  H.  D.  Baker,  Caleb  Slade,  Willard  A.  Eugley, 
Alberta  Remington,  C.  S.  Holden,  H.  S.  Robinson,  E.  O.  Dexter,  A.  M.  Briggs, 
J.  F.  Makinson,  W.  B.  Ballou,  Annie  A.  Wheeler,  G.  H.  Sykes,  Winthrop  F. 
Barden,  J.  A.  Welsh,  C.  C.  Cain,  Carrie  L.  Perry,  S.  M.  Holman,  H.  E.  Claf, 
E.  J.  Ivarmstrom,  W.  W.  Stone,  W.  N.  Goff,  G.  A.  Sweeney,  H.  R.  Packard, 
Edgar  Tregoning,  Attlel)oro,  Mass.,  and  Samuel  Harrison,  of  the  H.  R.  Worth- 
ington  Co.  — •  73. 

[Names  counted  twice — 3.] 

Special  cars  -were  attached  to  the  regtUar  train  from  Boston  ar- 
riving in  Attleboro  at  ten  o'clock,  where  the  party  -was  met  by  the 
water  commissioners  of  the  toAvn,  and  entertained  as  their  guests 
during  the  day. 

Automobiles  were  in  waiting  at  the  railroad  station,  and  in 
these  the  party  was  quickl>-  conveyed  to  the  summit  of  Ides  Hill, 
where  an  opportimit}'  Avas  afforded  to  inspect  the  reinforced 
concrete  standpipe  in  process  of  construction,  and  incidentally 
nuicli  of  the  surrounding  country,  to  the  enjo^yment  of  which  tlie 
unusual  clearness  of  the  atmosphere  materiall}'  contributed. 

The  work  inspected  includes  a  new  well  at  the  source  of  supply, 
constructed  last  year,  and  a  reinforced  concrete  standpipe,  now 
under  construction. 

The  new  well  from  which  ground  water  is  taken  is  situated  on 
the  banks  of  the  Seven  Mile  River  and  is  40  feet  in  diameter  and 
about  25  feet  deep.  The  well  is  covered  with  a  Guastavino  tile 
roof. 

To  provide  the  necesary  storage  so  that  the  pumi)  run  ma}'  be 
limited  to  the  day  hours  a  standjiipe  50  feet  in  diameter  and    H)() 
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feet  high,  of  about  1  oUO  000  gallons  capacity  .  is  Ix'iiig  constructed. 
It  is  situated  on  Jdes  Hill  at  an  ele^■ati(>n  of  252  feet  above  mean 
tide. 

The  walls  are  to  be  of  concrete,  mixed  one  part  cement,  two 
parts  sand,  and  four  parts  crushed  stone,  particular  care  being 
taken  in  the  grading  of  the  aggregate,  so  as  to  reduce  the  "S'oids  to 
a  minimum.  The  walls  are  to  be  18  inches  thick  at  the  bottom 
and  8  inches  at  the  top.  ^Movable  wooden  forms  in  sections  are 
used  in  placing  the  concrete  in  walls. 

The  interior  surface  is  to  l)e  plastered  with  a  mortar  composed 
of  cement,  sand,  glue,  and  alum,  one-half  inch  thick,  troweled  to 
a  granolithic  finish. 

The  horizontal  reinforcement  is  by  circular  steel  bars,  ranging 
in  size  from  1 1;  to  1^  inches  diameter,  spaced  as  made  necessary  by 
the  pressure  at  different  elevations.  The  vertical  bars  are  of 
twisted  steel  f-inch  diameter  staggered  so  as  to  permit  the  A\'iring 
of  horizontal  bars  to  them. 

The  standpipe  is  to  be  roofed  by  a  Guastavino  tile  dome  and  is 
to  be  capped  by  a  heavy  concrete  cornice. 

The  pump  wells  and  station  were  visited ,  and  a  ride  through 
the  country  thoroughly  enjoyed.  On  the  return  to  the  village 
lunch  was  served,  followed  by  a  visit  to  some  of  the  noted  jewelry 
manufactories. 

Immediately  following  lunch  a  brief  business  meeting  was  held. 

Twelve  applications  for  membership,  recommended  b}'  the 
Executive  Committee,  were  presented,  and  by  vote  of  the  Associa- 
tion the  following-named  applicants  were  elected  members: 

Luis  Matamoros,  Municipal  Engineer,  San  Jose,  Costa  Rica; 
Charles  H.  Campbell,  Superintendent  of  Water  Works,  Charlotte, 
X.  C. ;  William  W.  Locke,  Sanitary  Inspector,  Metropolitan 
Water  and  Sewerage  Board,  South  Framingham,  Mass.;  Theo- 
dore A.  Leisen,  Chief  Engineer,  Water  Department,  Wilmington, 
Del.  ;  Wallace  Greenalch,  Superintendent  Bureau  of  Water, 
Albany,  N.  Y.;  James  M.  Caird,  Chemist  and  Bacteriologist, 
Troy,  N.  Y.;  Charles  M.  Bolton,  Superintendent  of  Water 
Works,  Olympia,  Wash.;  Ralph  Howard  Garrison,  Suj^erin- 
tendent  of  Water  Works,  Sewerage  System  and  Electric  Light 
Plant.  Vineland,  N.  J.;  Arthur  N.  French,  Plyde  Park,  Mass.; 
Alexander  Macphail,  Professor  of  General  Engineering,  Queens 
Universitw    Kingston,    Ont.;      Clvde    Potts,    Sanitarv    Engineer, 
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New  York  City;    George  H.  Felix,  General  Manager  of  Water 
Department,  Reading,  Pa. 

The  thanks  of  the  Association  were  tendered  by  rising  vote 
to  the  water  commissioners  and  citizens  of  Attleboro  for  the 
courtesies  which  had  rendered  the  day  so  enjoyable. 

Mr.  Snell  responded  in  behalf  of  the  commissioners,  and  Mr. 
J.  Waldo  Smith  of  the  New  York  Committee  on  Annual  Conven- 
tion gave  an  interesting  address  on  the  plans  of  the  committee 
and  the  arrangements  being  made  for  the  meeting. 

The  President  announced  that  the  Annual  Convention  would  be 
held  in  New  York  on  the  13th,  14th.  15th  and  16th  of  September. 

WiLLAKD  Kent,  Secretary. 


Twenty- Fourth  Annual  Convention. 

New  York  City,  September  13, 14,  15,  1905. 

The  Twenty-Fourth  Annual  Convention  of  the  New  England 
Water  Works  Association  was  held  at  New  York  City,  on  Wednes- 
day, Thursday, and  Friday, September  13,  14,  and  15, 1905.  The 
headquarters  of  the  Association  during  the  convention  were  at 
the  Murray  Hill  Hotel,  and  the  meetings  were  held  there. 

The  following  members  and  guests  were  registered : 

Members. 
S.  A.  Agnew,  K.  Allen,  M.  N.  Baker,  C.  H.  Baldwin,  L.  M.  Bancroft,  F.  A. 
Barbour,  H.  K.  Barrows,  G.  B.  Bassett,  G.  W.  Batchelder,  J.  E.  Beals,  E.  W. 
Bemis,  F.  D.  Berry,  C.  R.  Bettes,  J.  M.  Betton,  J.  F.  Bigelow,  J.  M.  Birming- 
ham, F.  E.  Bisbee,  G.  H.  Bishop,  G.  Bowers,  E.  C.  Brooks,  W.  W.  Brush, 
J.  Burnie,  C.  E.  Chandler,  S.  K.  Clapp,  H.  W.  Clark,  W.  F.  Codd,  R.  C.  P. 
Coggeshall,  M.  F.  Collins,  W.  R.  Conard,  V.  R.  Connor,  J.  H.  Cook,  G.  K. 
Crandall,  A.  W.  Cuddeback,  L.  B.  Cummings,  F.  A.  W.  Davis,  J.  M.  Davis, 
M.  J.  Doyle,  J.  Doyle,  E.  R.  Dyer,  H.  D.  Eaton,  E.  D.  Eldredge,  J.  W.  Ellis, 

E.  A.  Ellsworth,  E.  A.  Fisher,  A.  D.  Flinn,  R.  J.  Flinn,  J.  H.  Flynn,  A.  A. 
Fobes,  M.  Forbes,  E.  H.  Foster,  G.  H.  Felix,  J.  R.  Freeman,  E.  V.  French, 

F.  L.  Fuller,  G.  W.  Fuller,  W.  B.  Fuller,  S.  DeM.  Gage,  E.  W.  Gaylord,  W.  P. 
Gerhard,  W.  B.  Gerrish,  D.  H.  Gilderson,  A.  S.  Glover,  R.  H.  Garrison,  W.  J. 
Goldthwait,  X.  H.  Goodnough,  F.  W.  Gow,  E.  H.  Gowdng,  J.  \V.  Graham, 
J.  W.  Griffin,  C.  A.  Hague,  A.  S.  Hall,  J.  C.  Hammond,  Jr.,  L.  P.  Hapgood, 

G.  W.  Hawkes,  W.  E.  Hawks,  W.  C.  Hawley,  T.  G.  Hazard,  Jr.,  A.  Hazen, 
D.  A.  Heffernan,  C.  Hcrschel,  W.  R.  Hill,  H.  G.  Holden,  F.  S.  HoUis,  G.  S. 
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Hook,  J.  A.  Huiitington.  J.  H.  Inoe,  G.  I.  Infiorsoll,  1).  1).  Jackson,  H.  R. 
Johnson,  W.  E.  Johnson,  W.  S.  Johnson,  A.  J.  Jones,  J.  \\'.  Ka\-,  E.  W.  Kent, 
W.  Kent,  P.  Kieran,  F.  C.  Kimball,  G.  A.  King,  T.  A.  Leisen,  A.  A.  Knudson, 
M.  Knowles,  E.  S.  Lamed,  E.  E.  Lochridge,  M.  O.  Lcighton,  H.  A.  Lord,  F. 
H.  Luce,  C.  M.  Lunt,  J.  W.  Lynch,  D.  B.  McCarthy,  S.  H.  McKenzie,  T.  H. 
McKenzie,  Thomas  McKenzie,  Hugh  McLean,  D.  E.  Makepeace,  W.  M.  Mar- 
pie,  W.  P.  :\Iason,  W.  E.  Maybury,  F.  E.  Merrill,  D.  S.  :Merritt,  P.  S.  Miller, 
F.  F.  Moore,  J.  W.  Moran,  J.  F.  J.  Mulhall,  F.  L.  Northrop,  E.  L.  Nuebling, 
O.  E.  Parks,  C.  L.  Parmelee,  D.  H.  Parsons,  W.  Paulison,  E.  yi.  Peck,  E.  L. 
Peene,  E.  B.  Phelps,  F.  H.  Pitcher,  F.  V.  Pitney,  A.  Potter,  G.  S.  Rice,  W.  H. 
Richards,  T.  F.  Richardson,  W.  W.  Robertson,  G.  A.  Sanborn,  W.  J.  Sando, 
AV.  H.  Sears,  E.  ISl.  Shedd,  C.  W.  Sherman,  M.  R.  Sherrerd,  M.  A.  Sinclair, 
J.  W.  Smith,  G.  H.  Snell,  G.  A.  Soper,  H.  T.  Sparks,  J.  F.  Sprenkel,  G.  A.  Stacy, 
J.  T.  Stevens,  W.  F.  Sullivan,  G.  A.  Taber,  R.  J.  Thomas,  W.  H.  Thomas, 
J.  L.  Tighe,  D.  N.  Tower,  L.  L.  Tribus,  A.  S.  Tuttle,  W.  Volkhardt,  E.  L.  Wal- 
lace, C.  S.  Warde,  J.  S.  Warde,  R.  S.  Weston,  W.  J.  Wetherbee,  G.  C.  Whipple, 
J.  C.  Whitney,  W.  P.  Whittemore,  L.  J.  Wilber,  F.  I.  Winslow,  G.  E.  Winslow, 

E.  T.  Wiswall,  Timothy  Woodruff,  G.  W.  Wright,  W.  S.  Wyman,  W.  G. 
Zick.  —  ITS. 

Honorary  ^Members. 
J.  J.  R.  Croes,  F.  W.  Shepperd.  —  2. 

Associates. 
AUis-Chalmers  Co.,  by  F.  I).  Herbert,  Arthur  Warren,  G.  H.  Berg,  J.  E. 
Lord,  W.  J.  Sando,  Timothy  Lynch,  P.  C.  Gibson,  and  C.  G.  Wingate;  Ashton 
Valve  Co.,  by  C.  W.  Houghton;  Roy  S.  Barker;  "Builders  Iron  Foundry,  by 
A.  B.  Coulters;  Cofhn  Valve  Co.,  by  H.  L.  Weston;  Henry  A.  Desper;  M.  J. 
Drummond  by  Jolin  Amstadter  and  Walter  S.  Drummond;  The  Fairbanks 
Co.,  by  F.  A.  Leavitt,  C.  O.  Churchill,  J.  F.  O'Brien,  S.  P.  Gates,  and  Chas.  H. 
White;  Garlock  Packing  Co.,  by  G.  R.  Xoble,  L.  Bulkley,  and  J.  E.  Case; 
Fred  C.  Gifford;  Hays  Mfg.  Co.^  by  T.  J.  Xagle  and  R.  C.  French;  Hersey 
Mfg.  Co.,  by  Albert  S.  Glover,  J.  A.  Tilden,  F.  A.  Smith,  W.  A.  Hersey,  and 
W.  C.  Sherwood;  International  Steam  Pump  Co.,  by  J.  D.  A.  Silva,  W.  F. 
FljTin,  Sam'l  Harrison,  H.  F.  Peake,  and  E.  F.  Walker;  Jenkins  Bros.,  by  J. 

F.  Stiles  and  C.  F.  Webber;  Kennedy  Valve  Co.,  by  M.  J.  Brosnan  and  J.  F. 
Morgan;  Lead  Lined  Iron  Pipe  Co.,  Ity  T.  E.  Dwj-er  and  W.  Lockwood; 
Ludlow  Valve  Co.,  by  H.  F.  Gould;  H.  Mueller  Mfg.  Co.,  by  T.  F.  Leary, 
Warren  Hason,  A.  C.  Pilcher,  O.  B.  Mueller;  National  Meter  Co.,  by  John 
C.  Kelley,  C.  H.  Bald^an,  J.  C.  Kelley,  Jr.,  Fred  S.  King,  W.  P.  Oliver,  J.  G. 
Lufkin;  Neptune  Meter  Co.,  by  C.  A.  Vaughan,  T.  D.  Faulks,  H.  H.  Kinsey, 
J.  L.  Wertz,  Mr.  Gammon;  New  York  Continental  Jewell  Filtration  Co.,  by 
R.  E.  :\Iilligan;  Pittsburg  Meter  Co.,  by  T.  C.  Clifford  and  V.  E.  Arnold;  The 
Piatt  Iron  Works  Co.,  by  F.  H.  Hayes;  Rensselaer  Mfg.  Co.,  by  F.  S.  Bates, 
C.  L.  Brown,  and  J.  S.  Warde,  Jr. ;  Ross  Valve  Co.,  by  William  Ross  and  Adam 
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Ross;  Central  Foundry  Co.,  by  Mark  Dean  and  E.  A.  Scott;  A.  P.  Smith 
Mfg.  Co.,  by  A.  P.  Smith,  D.  F.  O'Brien,  F.  N.  Whitcomb,  and  J.  W.  Strack- 
beim;  Thomson  Meter  Co.,  by  E.  J.  Snow,  S.  D.  Higley,  H.  G.  Folger,  and 
J.  C.  Wilshin;  Union  Water  Meter  Co.,  bj''  F.  L.  Northrop,  W.  F.  Hogan,  L.  P, 
Anderson,  E.  F.  King;  U.  S.  Cast  Iron  Pipe  and  Foundry  Co.,  by  R.  W. 
]\Iartindale,  Nathaniel  Miles,  W.  B.  Franklin,  and  H.  H.  Putnam;  R.  D. 
Wood  c^'  Co.,  by  Wm.  F.  Woodbnrn  and  A.  T.  Prentice.  —  87. 

Guests. 
Mrs.  George  E.  Winslow,  :\Irs.  F.  C.  Gifford,  Mr.  and  Mrs.  E.  Earle  Gifford, 
Minnie  A.  Gifford,  Maud  Durgin,  Waltham,  Mass.;  Mrs.  F.  L.  Fuller,  Wellesley 
HiUs,  Mass.;  Mrs.  George  A.  Sanborn,  Julia  N.  Collins,  A.  A.  Schaake,  Law- 
rence, Mass.;  Mrs.  D.  N.  Tower,  Cohasset,  Mass.;  Mrs.  Wm.  H.  Thomas, 
Hingham,  Mass. ;  Edwin  lieavitt,  Lillian  E.  Lea\-itt,  Mrs.  Edward  W.  Shedd, 
Somerville,  Mass.;  Mr.  and  Mrs.  A.  W.  Danforth,  I>ucy  A.  Danforth,  Susette 
C.  Berry,  Mrs.  L.  M.  Bancroft,  Reading,  Mass.;  M.  C.  Damon,  Wm.  E.  Lo- 
throp,  Leominster,  Mass.;  Mrs.  J.  Wm.  Kay,  Milford,  Mass.;  Mrs.  I>.  J.  Wilber, 
Campello,  Mass.;  Mary  S.  Goldthwait,  Eleanor  R.  Goldthwait,  Marblehead, 
Mass.;  Mrs.  John  Doyle,  Mrs.  H.  A.  Desper,  Charles  F.  Merrill,  Worcester, 
Mass.;  Mr.  and  Mrs.  W.  E.  Hatch,  Mrs.  R.  J.  Thomas,  Mrs.  George  Bowers, 
Miss  Helen  Bowers,  Mrs.  E.  H.  Scribner,  Mr.  and  Mrs.  I.  E.  Wotton,  Mr.  and 
Mrs.  Z.  W.  Sturtevant,  Lowell,  Mass.;  Mrs.  E.  L.  Wallace,  Franklin  Falls, 
N.  H.;  Mrs.  E.  A.  Ellsworth,  Alice  S.  Corner,  Mrs.  M.  J.  Doyle,  Mary  Buckley, 
Miss  Nellie  Curran,  George  O.  Connell,  Holyoke,  Mass.;  George  A.  Wooley, 
Joan  M.  Ham,  Margaret  G.  Flinn,  Mrs.  G.  R.  Noble,  Mrs.  Frank  C.  Kimball, 
George  F.  Hiller,  Mrs.  H.  F.  Gould,  W.  O.  Weaver,  Charles  S.  Shaughnessey, 
T.  W.  Norcross,  Boston,  Mass.;  Winifred  Ij.  McGowan,  No.  Attleboro,  Mass.; 
Elizabeth  V.  McDermott,  Roxbury,  Mass.;  Mrs.  D.  A.  Heffernan,  Milton, 
Mass.;  Mrs.  D.  E.  Makepeace,  Attleboro,  Mass.;  Mrs.  E.  C.  Brooks,  Mr.  and 
Mrs.  J.  P.  Bacon,  Cambridge,  Mass.;  Everett  I.  Bray,  M.  J.  McLaughlm, 
Gloucester,  Mass.;  J.  J.  McNally,  Mr.  and  Mrs.  G.  M.  McKelvey,  Mr.  and  Mrs. 
H.  M.  Garlick,  Mr.  and  Mrs.  H.  W.  Heedy,  Youngsto-mi,  O.;  Mrs.  AV.  E. 
Maybury,  Braintree,  Mass.;  Mrs.  Murray  Forbes,  IMorton  W.  Cro^vnover, 
Ass't  Supt.,  and  Paul  L.  Yount,  Ass't  Supt.,  Greensburg,  Pa.;  Mrs.  C.  A. 
Vaughan,  Mrs.  T.  D.  Faulks,  Mrs.  J.  F.  O'Brien,  Wm.  S.  Crandall,  Editor 
"  Municipal  News,"  Mr.  and  Mrs.  W.  H.  Van  Winkle,  Mr.  and  Mrs.  C.  Van 
Houtten,  Mrs.  Allen  Hazcn,  W.  H.  Fitch,  Mrs.  Alfred  D.  Flinn,  Mr.  and  Mrs. 
Henry  B.  Machen,  Dr.  Henry  T.  Coggeshall,  Mr.  and  Mrs.  Thos.  J.  Gannon, 
Mrs.  J.  C.  Hanlon,  Edward  L.  Walker,  John  P.  Reynolds,  Jr.,  Mrs.  George  A. 
Tabor,  W.  F.  Stodder,  Mrs.  G.  C.  Whipple,  Mrs.  George  W.  Fuller,  W.  H.  Van 
Winkle,  Jr.,  Pierre  Pullis,  F.  M.  Griswold,  G.  E.  Bruen,  Mrs.  Alexander  Potter, 
John  S.  Hodgson,  Editor  "  Municipal  Journal,"  S.  T.  Henry,  Asso.  Editor 
"  Engineering  Record,"  Ant.  Breneman,  Myron  S.  Falk,  Mary  R.  Clapp, 
Edward  Nuebling,  Jacob  Thoma,  Glen  Marston,  "  Engineering  News,"  C.  W. 
Dul>.  (lould.  W.  B.  Goentner,  Miss  Ella  Ringelman,  Mrs.  H.  B.  Brougham. 
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Mrs.  F.  W.  Shepperd,  George  H.  Benton,  T.  S.  McXally,  R.  S.  Prindle,  J.  B. 
Newhall,  Dr.  and  Mrs.  J.  O.  Taylor,  Miss  A.  G.  Ambrose,  Mrs.  T.  Freednian, 
Edward  H.  Jiabcock,  Miss  M.  Mansfield,  .Airs.  K.  T.Todd,  Mrs.  Frank  Gas- 
coignc,  E.  J.  Buttenl)crm,  "  Municipal  Journal,"  Mrs.  F.  S.  Bulkley,  A.  E. 
Van  Gieson,  Raymond  L.  O'Brien,  R.  E.  S.  Geare,  Frank  Martin,  Miss  Eliza- 
beth Pratt,  Irving  C.  Bull,  G.  Everett  Hill,  Andrew  Mayer,  Jr.,  and  Mrs. 
Fred  F.  Moore,  New  York  City;  Mrs.  Washington  Paulison,  C.  A.  Terhune, 
Walter  C.  Hopper,  Passaic,  N.  J.;  Miss  Eliza  Codd,  Nantucket,  Mass.;  Mrs. 
C.  O.  Churchill,  Charles  Davis,  Mrs.  Wm.  F.  Woodburn,  Miss  V.  M.  Rondeau, 
Springfield,  Mass.;  Mrs.  W.  E.  Hawks,  Bennington,  Vt.;  Mrs.  J.  M.  Davis, 
Rutland,  Vt.,  Dr.  John  B.  AVlieeler,  Dr.  and  Mrs.  F.  E.  Clark,  George  Q.  Stone, 
J.  E.  Meagher,  Burlington,  Vt. ;  Mrs.  Fred  S.  Bates,  W.  P.  Mason,  Jr.,  Troy, 
X.  Y.:  Mrs.  E.  W.  Small,  Portland,  Me.;  Mrs.  George  K.  Crandall,  Mrs.  W. 
H.  Richards,  New  London,  Conn.,  Mrs.  Willard  Kent,  Narragansett  Pier,  R.  I.; 
Mrs.  Edward  L.  Peene,  R.  W.  Bogart,  Jr.,  C.  DeA.  Bogart,  Miss  Susan  M. 
Gould,  Jos.  F.  LeCount,  Yonkers,  N.  Y.;  Mrs.  J.  H.  Cook,  Paterson,  N.  J.; 
Dr.  John  T.  Collins,  Whitman,  Mass.;  Mr.  and  Mrs.  Thos.  S.  Peirce,  Mrs.  J. 
W.  Vaughan,  East  Greenwich,  R.  I.;  John  M.  Bancroft,  Bloomfield,  N.  J.; 
Miss  May  I.  Agnew,  W.  1).  Agnew,  Mrs.  M.  MrConkey,  ^Irs.  R.  A.  Nimmo,  A. 
Kitteredge,  Jersey  City,  N.  J.;  Mrs.  D.  H.  Gilderson,  Haverhill,  Mass.;  Mrs. 
W.  J.  Sando.  Milwaukee,  Wis.;  Mrs.  G.  A.  Trowbridge,  West  Newton,  Mass.; 
Wm.  O.  Devoll,  Wm.  H.  Pitman,  Louis  H.  Richardson,  New  Bedford,  Mass.; 
George  W.  Stevens,  South  Braintree,  Mass.;  R.  Henry  Jones,  Supt.,  Norfolk, 
Va.;  Mrs.  George  H.  Felix,  Mr.  and  Mrs.  S.  H.  Close,  Mr.  and  Mrs.  M.  Haab- 
ster,  Mr.  and  Mrs.  F.  P.  Heller,  Edw.  Elbert,  Reading,  Pa.;  Mrs.  J.  F.  Bigelow, 
Mr.  and  Mrs.  Chas.  H.  Andrews,  Mrs.  George  A.  Stacj-,  Mr.  and  Mrs.  F.  A. 
:McGilI,  Mr.  Con.  Flynn,  Miss  Flynn,  E.  S.  Murphy,  Frank  Murphy,  Marll^oro, 
ilass.;  Mrs.  H.  A.  Lord,  Ogdensburg,  N.  Y.;  C.  L.  Beach,  Mrs.  Roy  S.  Barker, 
Miss  Grace  Anderson,  Providence,  R.  I.;  H.  A.  Holmes,  Mrs.  1).  B.  McCarthy, 
^liss  Nellie  Esmond,  ^^'aterford.  N.  Y.;  Alex  Orr,  C.  E.,  Supt.,  Glovers- 
viUe,  N.  Y.;  Olin  H.  Landreth,  Prof.  Union  College,  George  Holtzmann, 
Schenectady,  N.  Y.;  J.  D.  Landis,  Meclianicsburg,  Pa.;  A.  A.  Reimer,  Mrs. 
Mark  Dean,  F.  A.  Pieimer,  W.  H.  V.  Reimer,  Hon.  Wm.  Cardwell,  F.  Lardley, 
J.  M.  Brown,  A.  W.  Baigrio,  F.  J.  Greer,  Mr.  and  IMrs.  Daniel  C.  Osnnm,  E.  S. 
Perry,  J.  N.  Travis,  Orange,  N.  J.;  C.  J.  Barrett,  South  Orange,  N.  J.;  F. 
A.  O'Conner,  West  Orange,  N.  J.;  ]\Ir.  and  Mrs.  J.  M.  Kinder,  Meriden,  Conn.; 
Perry  T.  W.  Hale,  Jas.  La^N-ton,  P.  C.  Denehy,  Middletowni,  Conn.;  Barth- 
olomew Dwyer,  James  Orr,  Southington,  Conn.,  Miss  Florence  Serrell,  North 
Plainfield.  N.  J.;  Bonj.  I.  Drake.  Plainfield,  N.  J.;  Mrs.  W.  C.  Hawley,  Harold 
A.  Allen,  Atlantic  City.  N.  J.;  :\Ir.  and  Mrs.  C.  D.  Pollock,  Mr.  and  Mrs.  Sam'l 
F.  Thom.son,  Miss  Ehzabeth  Thomson,  Mrs.  Wm.  R.  HUl,  Miss  Alice  Hill,  Frank 
E.  Connolly,  Mrs.  H.  M.  Mills,  Mrs.  C.  C.  Mulford,  Alice  C.  Flinn,  Thomas  F. 
Flinn,  Mrs.  E.  W.  Keese,  Miss  S.  A.  Cross,  Wm.  R.Fleming,  John  F.  Mead, 
Brooklyn,  N.  Y.;  Mrs.  W.  B.  Gerrish,  Oberlin,  Ohio;  Mr.  and  Mrs.  L!  W. 
Anderson,  Grand  Rapids,  Mich.;     A.  M.  Campbell,    Mrs.  J.  S.  WarcU',  A\"est 
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New  Brighton,  X.  Y. ;  Mrs.  J.  D.  Landes,  Mechanicsburg,  Pa.;  Mrs.  E.  D. 
Eldredge,  Onset,  Mass.;  Beekman  C.  Little,  Rochester,  N.  Y.;  George  T. 
CuUen,  John  W.  Murphy,  John  J.  Creedon,  Maiden,  Mass.;  Mr.  and  Mrs. 
Richard  Veale,  Kearney,  N.  J.;  Mrs.  W.  B.  Fuller,  Pittsburg,  Pa.;  Frank  M. 
Collins,  Walden,X.  Y.;  Edward  B.  Hiding,  Chicago,  111.;  Charles  P.  Bright- 
man,  J.W.Milne,  Mrs.  Patrick  Kieran,  Fall  River,  Mass.;  Miss  Eva  BrowTi, 
Miss  Mattie  Calhoun,  Miss  Enuna  Savage,  Indian  Orchard,  Mass.;  Mrs.  F.  H. 
Luce,  Woodhaven,  N.  Y.;  Chas.  N.  Oakes,  Frank  S.  Dewey,  Jr.,  Henry 
W.  Sanderson,  J.  H.  Packard,  S.  W.  Hildreth,  Westfield,  Mass.;  M.  Otagawa, 
Tokio,  Japan;  J.  Ralph  Duyne,  John  E.  Hill,  Newark,  N.  J.;  E.  Frailey,  W. 
H.  Frailey,  Lancaster,  Pa.;  Mrs.  Charles  R.  Bettes,  Far  Rockaway,  N.  Y.; 
Charles  R.  Tucker,  Staten  Island,  N.  Y.;  H.  Dallas  McCabe,  Monessen,  Pa.; 
Joseph  E.  Carroll,  Lowell,  Mass.;  J.  A.  Nelson,  Pittsburg,  Pa.;  Mrs.  John  F. 
J.  Mulhall,  Boston,  Mass.;  Frank  Brigham,  Elizabeth,  N.  J.;  F.  O.  Sinclair, 
Burlington,  Vt.;  J.  C.  Richards,  P.  A.  ]\Iaignen,  Philadelphia,  Pa.;  Alfred 
M.  Quick,  Baltimore,  Md.;  Mrs.  C.  H.  White,  Jamaica,  N.  Y.;  W.  R.  Scofield, 
Matteawan,  N.  Y.;  Miss  Capen,  Miss  Ethel  Capen,  St.  Louis,  Mo.;  Edwin 
L.  Newcomb,  Vineland,  N.  J.;  R.  W.  Pratt,  George  A.  Johnson,  Columbus, 
Ohio;  Karl  F.  Kellerman,  Washington,  D.  C;  Herbert  B.  Baldwin,  Newark, 
N.  J.;  C.  Arthur  Brown,  Lorain,  Ohio;  F.  W.  Green,  Little  Falls,  N.  Y.;  John 
F.  Gallagher,  Kingston,  N.  Y.;  Moses  Joy,  Milford,  Conn.;  W.  D.  Home, 
Yonkers,  N.  Y.  —  314. 

Summary  of  attendance:  Members,  178;  Honorary  Members,  2;  Repre- 
sentatives of  As.sociates,  87;    Guests,  314;  coimted  twice,  4;  total,  .577. 

Wednesday,  September  13. 

The  convention  was  called  to  order  at  ten  o'clock  by  President 
George  Bowers,  and  Mr.  J.  Waldo  Smith,  Chairman  of  the  Local 
Committee,  was  presented.     Mr.  Smith  spoke  as  follows: 

Mr.  President  and  Members  of  the  New  England  Water  Works 
Association,  —  It  is  particular^  gratif3'ing  to  the  members  of  the 
various  committees  who  have  had  the  arrangements  for  this  con- 
vention in  charge  to  see  such  a  large  attendance  at  the  opening  ses- 
sion. We  trust  that  nothing  will  interfere  with  the  pleasures  or 
the  more  serious  duties  of  this  gathering;  that  when  you  return 
to  your  homes  it  will  be  with  the  firm  conviction  that  this  has 
been  the  best  convention  ever  held  by  the  Association,  and  that 
you  will  have  a  desire  to  come  here  again.  It  seems  particularly 
fitting  that  in  breaking  your  custom  once  more  and  holding  a  con- 
vention outside  of  New  England,  the  most  influential  water 
works  association  in  the  country  should  come  to  its  largest  and 
most  influential  citv. 
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A  very  distinguished  gentleman  has  kindly  consented  to  come 
here  this  morning  and  say  a  few  words  on  behalf  of  the  city  of 
New  York,  and  I  have  now  the  honor  to  introduce  to  you,  the 
corporation  counsel  of  the  greatest  city  in  the  world,  the  Hon. 
John  J.  Delany.     [Applause.] 


ADDRESS   OF   AVELCOME   BY  THE     HON.   JOHN  J.    DELANY,     CORPORA- 
TION   COUNSEL    OF    THE    CITY   OF    NEW   YORK. 

Mr.  Chairman.  Ladies  and  Gentlemen,  —  I  regret  very  much 
that  the  mayor,  who  has  just  returned  from  his  vacation  to  take 
hold  of  a  large  amount  of  deferred  work,  is  unable  to  be  here,  be- 
cause I  believe  he  is  the  greatest  water-works  man  in  the  world. 
He  has  been  the  prime  agent  in  bringing  about  the  extension  of 
our  water  system. 

We  are  now  preparing  plans  for  what  will  be  the  greatest 
water  works  ever  known  in  the  histor}-  of  civilization.  Whether 
in  the  old  civilizations  that  have  passed  away,  or  in  the  new  ones 
which  have  come  up  in  these  later  years,  I  do  not  believe  there 
have  been  any  water  works  that  will  compare,  when  they  are 
extended  according  to  their  general  plan  and  scope,  to  the 
water  works  o^'er  which  ]\Ir.  J.  W^aldo  vSmith  will  have  the  honor 
to  preside,  and  whose  destinies  will  be  left  in  his  keeping. 
[Applause.] 

Gentlemen,  you  belong  to  a  profession  which  does  not  appear  in 
anything  like  its  fullness  in  the  beginning  of  civilizations.  W'lien 
cities  are  being  formed  you  are  not  consulted,  but  when  they 
grow  in  wealth  and  in  prosperity,  when  human  endeavor  has 
enlarged  the  habitations  of  men  around  a  given  spot,  when  the  com- 
plexity of  human  life  in  closely  compacted  centers  makes  it  neces- 
sary to  turn  attention  to  those  things  which  are  rec^uired  for  the 
success  of  industrial  efforts  and  for  the  preservation  of  human 
health,  then  the  people  turn  to  you  with  suppliant  hands  and  ask 
you,  like  Moses,  to  be  the  deliverer  of  a  great  people.  So  you  see 
you  are  rather  distinguished,  although  perhaps  you  had  not  dis- 
covered it  until  this  moment.     [Applause  and  laughter.] 

And  3^ou  may  also  realize  that  your  function  in  life  is  one  most 
important.     You   are   not   present   when   a  nation  or   a   city   is 
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cradled,  nor  are  you  present  Avheii  a  nation  or  a  city  goes  down 
to  decay,  because  it  is  only  when  it  ceases  to  consult  the  engineer 
that  a  city  topples  to  its  ruin.  When  it  would  spread  out  in 
magnificence  and  in  architectural  and  mechanical  grandeur,  then 
it  has  to  be  guided  by  the  mature  mind  of  the  engineer. 

I  am  impressed  with  the  fact  that  you  are  like  the  men  who 
brought  (jod's  l)eautiful  water  in  olden  times  from  the  top  of  the 
mountains,  down  by  devious  routes  into  the  valley  to  the  thirsty 
people  below.  Now  you  do  even  more  than  that.  You  see  that 
on  its  way  down  it  shall  not  be  contaminated,  or,  at  least,  if  you 
do  not  do  that,  you  are  resorting  to  all  means  and  employing  all 
the  ingenuity  at  your  command  to  purify  it  from  all  contamina- 
tion and  to  furnish  an  abundance  of  pure  and  wholesome  water 
to  strengthen  the  people  and  to  help  them  along  in  their  work 
of  improvement  and  progress. 

Gentlemen,  there  is  not  a  place  in  the  world  more  apjiropri- 
ate  for  the  discussion  of  the  bacteriological  and  the  medical  ques- 
tions, as  well  as  the  mechanical  problems  involved  in  your  great 
profession,  than  this  great  city,  teeming  with  its  millions  of 
people,  growing  with  a  rapidity  that  is  something  marvelous, 
every  year  adding  the  numbers  of  a  large  city  to  its  population. 
You  come  here  to  consult  one  with  the  other,  to  bring  about  the 
solution  of  questions  which  concern  very  gravely  the  public  health 
of  large  communities.  Modern  bacteriology  has  pointed  out  to 
us  that  you  water-works  people  are  in  the  main  those  upon  whom 
we  must  rely  to  guard  us  against  that  great  and  terrible  affliction 
which  comes  so  often  upon  the  human  race  in  large  centers  of 
])opulation,  and  which  under  one  name  or  another  in  antiquity 
and  in  modern  times  has  decimated  whole  comnumities.  I  refer 
to  that  great  scourge,  typhoid  fever.  You  will  prescribe  when 
you  lay  out  our  water  works,  and  when  you  provide  for  their 
maintenance,  such  measures  as  will,  if  it  is  possible,  prevent  con- 
tamination by  the  germs  of  typhoid  fever  and  kindred  diseases. 
If  you  cannot  prevent  the  contamination, you  will  study  the  prob- 
lem and  endeavor  to  solve  the  difficulty  by  destroying  the  germs 
after  they  get  into  tiie  water  supply.  .So  you  see,  in  your  great 
profession,  you  are  linked  with  the  physician,  and  with  the  modern 
bacteriologist. 
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And  all  the  time  that  you  are  doiiiii  your  work  you  are  working 
for  two  ends:  first,  the  preservation  of  the  health  of  the  people, 
and  second,  the  promotion  of  their  industrial  undertakings. 

I  welcome  you  here  in  behalf  of  the  mayor  of  our  city,  who 
sends  his  regrets  at  his  enforced  absence.  We  oifer  you  all  that 
there  is  here  for  a  stranger  to  see  in  this,  the  greatest  city  in  the 
world,  as  Mr.  Smith  has  very  properly  called  it.  This  city  is  great, 
not  only  on  account  of  her  position,  not  only  on  account  of  the 
activity  and  enterprise  of  her  own  citizens,  however  great  that 
may  be,  but  on  account  of  the  cooperation  with  us  of  all  the 
people  throughout  this  magnificent  land,  who  rest  under  the  pro- 
tecting segis  of  the  Stars  and  Stripes,  our  common  heritage.  And 
when  you  are  endeavoring  to  solve  these  great  problems  for  the 
preservation  of  the  public  health  and  for  the  promotion  of  the 
prosperity  of  the  people,  you  are  really  in  the  position  not  merely 
of  lowly  workmen  in  the  cause  of  humanity,  but  of  co-laborers 
in  the  important  work  of  the  advancement  of  the  human  race. 

I  welcome  }'ou  again,  in  my  own  behalf  and  on  behalf  of  the 
mayor,  to  our  great  city.  Its  doors  are  flinig  wide  open  to  you,  and 
you  can  do  as  you  please,  because  New  York  is  not  critical  if  a  man 
does  not  put  his  foot  through  the  penal  code.  [Laughter.]  You 
may  have  different  views  than  we  have  about  some  things.  You 
may  have  different  ideas  than  we  have  here,  but  we  hope  tliat 
after  you  have  seen  us  for  yourselves  you  can  go  back  and  say  to 
the  communities  in  which  you  live  that  you  have  never  seen  a  large 
city  in  the  world  which  is  as  good  and  as  God-fearing  as  this  great 
American  city  of  New  York.  And  you  can  say  it  justly,  in  spite 
of  our  own  hypercriticism,  for  the  lash  is  laid  on  our  back  by  no 
one  as  hard  as  we  lay  it  on  ourselves,  and  our  great  prosperit}" 
and  the  fact  that  so  many  problems  in  modern  city  life  have  been 
solved  here  is  largely  due  to  the  impetus  which  we  have  given 
to  ourselves  by  the  very  criticism  which  we  have  so  freely  bestowed 
upon  ourselves.  We  are  not  so  bad  as  we  would  lead  you  to  be- 
lieve we  are,  and  we  want  you  to  go  around  among  us  and  find 
out  that  we  are  really  the  best  people  in  the  world.  We  hope  you 
will  make  the  effort  to  do  so,  anyway.     [Applause.] 

I  thank  you  very  much  for  this  opportunity  to  meet  you,  I 
thank  vou  for  the  attention  with  which  vou  have  heard  me,  and 
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as  I  have  to  go  to  another  meeting  now  1  will  bid  you  good- 
morning,  wishing  you  all  success.     [Applause.] 

NEW    MEMBERS    ELECTED. 

The  Secretary  read  the  following  names  of  applicants  for  mem- 
bership, all  of  whom  had  l^een  duly  recommended  by  the  Execu- 
tive Committee: 

For  Member.  —  Burt  B.  Hodgman,  Civil  Engineer,  Xew  York 
City;  Richard  W.  Bogart,  Jr.,  Hydraulic  Engineer,  National 
Board  of  Fire  Underwa-iters,  New  York  City;  C.  Arthur  Brown, 
Sanitary  Engineer,  Lorain,  Ohio;  W.  W.  Burnham,  Engineering 
Department ,  Hugh  MacRea  Co. .  Wilmington ,  N.  C. ;  Frederick  W, 
Carpenter,  Assistant  Engineer,  New  York  Rapid  Transit  Com., 
New  York  City;  Edward  A.  Clark,  Kingston,  N.  Y.;  David  N. 
Cook,  Superintendent  Water  Works,  Salem,  Mass.;  L.  W.  Dairy m- 
ple.  City  Engineer,  Bayonne,  N.  J.;  P.  C.  Denehy,  Assistant 
Superintendent  Middletown  Water  Works,  Middle touoi,  Conn.; 
Benj.  I.  Drake,  of  Drake  &  Thorp,  Plainfield,  N.  J.;  Bartholo- 
mew Dwwer,  Assistant  Superintendent,  Hartford  Water  Works, 
Hartford,  Conn.;  J.  W^.  R.  Fitzpatrick,  Civil  and  Mechanical  Engi- 
neer, Cohoes,  N.  Y. ;  W.  B.  Goentner,  Assistant  Engineer,  National 
Board  of  Fire  Underwriters,  New  York  City;  J.  W.  DuB.  Gould, 
Hydraulic  Engineer  with  National  Board  of  Fire  Underwriters, 
Yonkers,  N.  Y. ;  Thomas  Joseph  Gannon,  jMechanical  Engineer, 
with  Department  of  Water  Supply,  Gas,  and  Electricity  of  New 
York  City,  Brooklyn,  N.  Y.;  Edward  D.  Hardy,  Superintendent 
Filtration  Plant,  Washington,  D.  C;  Perry  T.  W.  Hale,  Superin- 
tendent and  Engineer  Middletown  Water  Works,  Middletown, 
Conn.;  George  A.  Johnson,  Engineer  in  charge  Sewage  Testing 
Station,  Columbus,  Ohio;  R.  Henry  Jones,  Superintendent  Water 
Works,  Norfolk,  Va.;  Charles  T.  Kavanagh,  Water  Purveyor,  City 
of  Bayonne,  N.  J.;  George  G.  Kennedy,  Superintendent  AVater 
Works,  Harrisburg,  Pa.;  Beekman  C.  Little,  Superintendent 
Water  Works,  Rochester,  N.  Y. ;  James  A.  Locke,  with  New  York 
Rapid  Transit  Commission,  White  Plains,  N.  Y.;  Henry  B. 
Machen,  Assistant  Engineer.  Rapid  Transit  Commission,  New 
York  City;  H.  Dallas  McCabe,  Su})erintendent  Monessen  Water 
Co.,  Monessen,  Pa.;  E.  H.  Nordendahl,  Alember  Committee  of 
20,  National  Board  of  Fire  I'ndcrwriters,  Brooklyn.  N.  Y.;  Theo- 
dore W.  Norcross,  Hydrograpliic  Aid  in  New  England  of  United 
States  Geological  Survey,  Medford.  Mass.;  Edward  A.  Northey, 
Chief  Inspector  wath  New  England  Bureau  of  United  Inspection, 
Salem,  Mass.;   Geo.  H.  l^Umer,  Chief  Engineer,  Attleboro  Pump- 
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ing  Station,  Attleboro,  ^lass.;  Thomas  T.  Peirce,  Superintendent 
and  Treasurer,  East  Greenwich  Water  Supply  Co.,  East  Crecu- 
wich,  R.  I.;  Clarence  DuBois  Pollock,  Assistant  Engineer  of 
Highways,  Brooklyn,  N.  Y.;  Alfred  M.  Quick,  Chief  JOngineer, 
Baltimore  Water  Department,  Baltimore,  Md.;  Arthur  A.  Reimer, 
Superintendent  East  Orange  Water  Department,  East  Orange, 
.  N.  J.;  John  P.  Reynolds,  Jr.,  Mechanical  Engineer  with  Depart- 
ment of  Water  Supply,  New  York  City;  Wm.  M.  Stone,  Chairman 
of  Water  Board,  Attleboro,  Mass.;  Jacob  Thoma,  with  Depart- 
ment Water  Suppl}-,  High  Pressure  Fire  System,  New  York  City; 
Ernest  P.  Whitten,  Civil  Engineer,  Stewart  Station,  Pa.;  Charles 
M.  Woodward,  Water  Commissioner,  West  Springfield,  Mass. 

For  Associate.  — W.  H.  Fitch,  Eastern  Manager,  Walter  Macleod 
&  Co.,  New  York  City;  Walter  H.  Van  Winkle,  General  Manager, 
Water  Works  Ec|uipment  Company,  New  York  City. 

By  direction  of  the  meeting,  on  motion  of  Mr.  Fuller,  the  Secre- 
tary cast  one  ballot  in  favor  of  the  applicants  above  named,  and 
thev  were  declared  elected. 


STANDARD    PIPE    SPECIFICATIONS. 

The  President  announced  the  receipt  of  a  communication  in 
regard  to  Standard  Specifications  for  Cast-iron  Pipe,  which  he 
called  upon  Mr.  Sherman  to  read.  The  communication  was  as 
follows : 

New  York  City,  August  30,  1905, 

The  New  England  Water  Works  Association, 
715  Tremont  Temple,  Boston: 

Gentlemen, — J.  J.  R.  Croes,  C.  E.,  Chairman  Committee  on 
Standards  of  the  American  Water-Works  Association,  has  ap- 
pointed a  conference  committee  consisting  of  J.  Waldo  Smith,  C.  E., 
Theo.  A.  Leisen,  C.  E.,  with  myself  as  chairman,  and  I  write  to 
request  that  you  appoint  a  committee  of  three  to  meet  with  us 
regarding  standard  pipe  specifications.  There  will  also  be  repre- 
sented American  Testing  Association  and  the  Western  Society 
of  Engineers,  to  whom  I  am  writing  to-day  with  reference  to  the 
subject. 

Kindlv  let  me  hear  from  you  at  your  early  convenience  and 
oblige. 

Yours  very  truly, 

(Signed)     Chas.  A.  Hague, 

Chairman  Conference  Committee. 
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Mr.  Charles  W.  Sherman.  A  number  of  years  ago  this 
Association  appointed  a  committee  on  standard  specifications  for 
cast-iron  pipe,  and  after  a])out  a  year's  work  and  extensive  dis- 
cussion of  preliminary  specifications  submitted  by  the  committee, 
the  committee  finally  reported  a  set  of  specifications  which  was 
adopted  by  the  Association,  and  which  has  been  used  cjuite  ex- 
tensively since  that  time,  particularly  in  New  England,  with  very 
good  success,  I  think,  by  those  members  who  have  used  it,  — 
certainly  by  those  in  the  large  communities  who  have  been  l)uying 
pipe  in  sufficiently  large  quantities.  There  has  been  some  feeling 
that  we  have  done  enough  in  this  direction  and  that  we  should 
now  lie  on  our  oars. 

I  think,  how^ever,  it  is  desirable  that  we  should  be  represented 
in  this  proposed  conference,  and  that  if,  as  many  of  us  think,  the 
specifications  which  we  have  already  adopted  are  as  good  as  can 
be  prepared  at  this  time,  our  committee  should  work  to  secure 
their  acceptance  by  the  other  societies.  If,  on  the  other  hand, 
these  other  societies  can  present  satisfactory  reasons  why  the 
specifications  which  have  now  been  used  for  some  three  years 
should  be  modified,  there  is  no  doubt,  I  believe,  that  the  Associa- 
tion would  be  glad  to  consider  the  suggested  modification,  and 
presumably  would  accept  it  on  the  report  of  an  able  committee. 

I  would  therefore  make  a  motion,  Mr.  President,  that  ^Ir. 
Freeman  C.  Coffin.  Mr.  Dexter  Brackett,  and  Mr.  F.  F.  Forbes, 
who  composed  the  original  committee  which  draughted  our  specifi- 
cations now  in  force,  be  recjuested  to  act  as  a  committee  of  confer- 
ence in  meeting  these  other  committees  and  discussing  the  question 
of  standard  specifications  for  cast-iron  pipe.  I  would  say  further 
that  I  have  been  able  to  talk  this  matter  over  to  some  extent  with 
Messrs.  Coffin  and  Brackett,  and  although  they  have,  perhaj^s, 
done  as  much  work  in  this  direction  as  it  is  really  proper  for  the 
Association  to  call  on  them  to  do.  I  think  that  they  would  be 
willing  to  give  what  time  may  be  necessary  to  a  conference  of  this 
kind,  and  would  see  that  the  Association's  standard  is  presented 
to  these  other  committees,  and  at  least  consider  the  subject  further 
and  report  back  to  the  Association. 

The  motion  was  adopted,  and  the  President  apjiointed  the  com- 
mittee as  suggested  by  Mr.  Sherman. 
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<  'OlTRTESl  ES    EXTEND  ED . 

The  tSeeretarv  read  the  following  letter  from  the  Ryan-Parker 
Construction  Company : 

"  In  connection  with  the  annual  convention  of  the  Association 
•  to  be  held  at  New  York  City,  in  case  any  of  the  members  are  in- 
terested in  the  construction  of  retaining  walls  and  brickwork,  we 
would  be  pleased  to  extend  to  them  an  invitation  to  visit  the  con- 
tract we  now  have  under  way  for  the  extension  of  Riverside  Drive 
from  One  Hundred  Thirty-Fifth  Street  north.  The  contract  for 
this  work,  the  cost  of  which  is  approximately  $1  500  000,  consists 
mainl}'  of  hea\y  concrete  foundations  and  retaining  walls  with 
facings  of  finely  dressed  granite." 

On  motion  of  ]\Ir.  Sherman  it  was  voted  that  the  Secretary  be 
instructed  to  write  to  the  Ryan-Parker  Construction  Company, 
and  to  the  other  companies  from  whom  communications  have  been 
received  extending  courtesies  to  the  members  of  the  Association 
during  the  convention,  expressing  the  thanks  of  the  Association. 

The  report  of  the  Committee  on  Meter  Rates  was  then  taken 
up.  In  the  absence  of  Mr.  Coffin,  chairman  of  the  committee. 
Mr.  Frank  E.  Merrill  presented  the  report.  In  view  of  the  fact 
that  advance  copies  had  been  circulated  it  was  deemed  unneces- 
sary to  read  the  report  in  full,  and  gentlemen  were  invited  to 
proceed  to  discuss  it.  The  discussion  was  opened  by  Mr.  Clemens 
Herschel,  who  contributed  a  written  paper  which  was  read  by 
Mr.  Sherman.  The  other  gentlemen  who  took  part  in  the  dis- 
cussion were  Messrs.  Allen  Hazen,  Edward  W.  Bemis,  Charles  W. 
Sherman,  Walter  H.  Richards,  T.  H.  McKenzie,  Hugh  McLean, 
Frank  L.  Fuller.  F.  A.  W.  Davis,  W.  C.  Hawley,  Robert  J.  Thomas, 
and  Frank  C.  Kimball.  On  motion  of  Mr.  Sherman  it  was  voted 
to  accept  the  report  and  to  continue  the  committee. 

The  next  matter  on  the  program  was  the  report  of  the  Com- 
mittee on  Private  Fire  Services.  In  the  absence  of  Mr.  F.  H. 
Crandall,  chairman  of  the  committee,  Mr.  Thomas,  a  member  of 
the  committee,  suggested  that  the  matter  be  laid  over  until  the 
paper  on  Fire-Service  Meters,  by  Mr.  E.  V.  French,  had  been 
presented,  inasmuch  as  he  understood  that  Mr.  French's  paper 
would  be  on  the  lines  which  the  committee  had  been  endeavoring 
to  work  out. 
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On  motion  of  Mr.  Sherman  it  wa.s  voted  that  the  President 
appoint  a  nominating  committee  to  bring  in  a  list  of  nominations 
for  officers  for  the  ensuing  year.  The  President  subsequently 
appointed  Messrs.  Frank  E.  Merrill  of  Somerville,  Allen  Hazen  of 
New  York,  Michael  F.  Collins  of  Lawrence,  Edward  L.  Peene  of 
Yonkers,  N.  Y.,  and  F.  E.  Bisbee  of  Auburn,  Me. 

At  the  afternoon  session  Mr.  E.  V.  French.  C.  E.,  of  Boston, 
presented  a  paper  on  "  Fire-Service  Meters."  The  discussion 
which  followed,  relating  also  to  Mr.  Wm.  T.  Sullivan's  paper  on 
"  Tests  of  Large  Meters,"  was  participated  in  by  Messrs.  Edward 
W.  Bemis,  Frank  C.  Kimball,  J.  A.  Tilden,  William  F.  Sullivan, 
George  A.  Stacy,  Lewis  H.  Nash,  Robert  J.  Thomas.  F.  A.  W. 
Davis,  and  Morris  R.  Sherrerd.  At  the  conclusion  of  the  discus- 
sion, on  motion  of  Mr.  W.  C.  Hawley,  it  was  voted  that  the  Com- 
mittee on  Private  Fire  Services  consider  and  report  a  method  or 
methods  by  which  the  value  of  fire  protection  can  be  estimated; 
and  on  motion  of  Mr.  George  A.  Stacy  the  committee  was 
enlarged  by  the  addition  of  ^Ir.  George  W.  Batchelder  and  Mr. 
Hugh  McLean. 

Adjourned. 

In  the  evening  the  party  visited  the  New  York  Hippodrome. 

Thursday,  September  1-4. 

At  the  opening  of  Thursday-morning  session  the  Secretary  an- 
nounced that  applications  for  membership  had  been  received  from 
the  following-named  persons,  approved  by  the  Executive  Com- 
mittee : 

Richard  Veale,  Superintendent  Water  Department,  Kearney, 
N.  J.;  J.  Ralph  Van  Duyne,  Assistant  Superintendent  Newark 
Water  Department,  Newark,  N.  J.;  George  E.  McLaughlin,  M.D., 
Bacteriologist,  Jersey  City.  N.  J.;  Myron  S.  Falk,  Consulting 
Engineer,  New  York  City;  Edward  Nuebling,  Draughtsman,  Long 
Island  City,  N.  Y. ;  L.  M.  Anderson,  City  Engineer,  Grand  Rapids, 
Mich.;  G.  Everett  Hill,  Civil  and  Sanitary  Engineer,  Orange,  N.  J.; 
Edward  L.  Walker,  with  the  Aqueduct  Commission,  New  York 
City;  Samuel  F.  Thomson,  employed  on  the  additional  water 
supply  for  New  York  City;  Orville  J.  Whitney,  Superintendent 
Medford  Water  Works,  Medford,  Mass. 

On  motion  of  Mr.  King  the  Secretary  was  requested  to  cast 
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one  ballot  in  favor  of  the  applicants  named,  and  he  having  done 
so  they  were  declared  elected  members  of  the  Association. 

The  first  matter  on  the  program  was  the  report  of  the  Com- 
mittee on  Uniformity  of  Hose  and  Hydrant  Threads,  presented 
by  ^Ir.  George  A.  Stacy,  of  Marlboro,  chairman.  The  subject  was 
discussed  by  F.  M.  Griswold  and  E.  V.  French.  On  motion  of 
Mr.  Frank  C.  Kimball  it  was  voted  that  the  report  of  the  com- 
mittee be  accepted  and  the  standard  recommended  be  adopted 
as  the  standard  of  the  New  England  Water  Works  Association. 

On  motion  of  Mr.  Frank  L.  Fuller  it  was  voted  that  the  President 
appoint  a  committee  of  three  to  consider  the  subject  of  uniform- 
ity in  the  direction  of  opening  hydrants  and  gate-valves,  and 
of  size  and  shape  of  hydrant  and  gate  nuts.  The  President  subse- 
quently appointed  as  a  committee  Frank  L.  Fuller,  Frank  C. 
Kimball,  and  Edward  V.  French. 

The  convention  was  then  addressed  by  Prof.  W.  P.  Mason,  of 
Troy,  who  read  a  paper  on  the  "  Relation  of  Intensity  of  Typhoid 
Fever  to  Character  of  Water  Carriage."  Messrs.  George  A.  Soper, 
F.  A.  W.  Davis,  M.  N.  Baker,  George  W.  Wright,  and  George  C. 
Whipple  took  part  in  the  discussion. 

The  next  paper  was  by  Mr.  John  F.  J.  Mulhall,  of  Boston,  and 
was  on  the  subject, '' Water  Works  Accounting."  The  subject 
was  further  discussed  by  Mr.  W.  C.  Hawley ,  Mr.  A.  A.  Reimer,  and 
:\Ir.  Edward  W.  Bemis. 

Mr.  W.  B.  Gerrish.of  Oberlin,  Ohio,  then  read  a  J^aper  on  "  The 
Water  Softening  Plant  at  Oberlin,  Ohio."  Mr.  Frederick  S.  Hollis, 
Mr.  George  C.  Whipple,  and  Mr.  Robert  S.  Weston  spoke  on  the 
subject. 

The  President  announced  that  Mr.  G.  S.  Hook  had  prepared 
a  leaflet  on  the  "  Electric  Pumping  Station  of  the  Schenectady 
Water  Works,  Rotterdam,  N.  Y.,"  for  distribution,  and  that  he 
would  like  to  say  a  few  words  on  the  subject. 

Mr.  G.  S.  Hook.  I  will  not  attemjDt  to  discuss  the  general  sub- 
ject of  electric  pumping,  because  it  is  a  large  matter  and  deserves 
more  time  than  can  now  be  given  to  it.  I  would  simply  say  that 
from  the  point  of  view  of  the  fire-protection  engineer,  who  is  coming 
to  the  front  so  rapidly  in  these  days,  and  also  from  the  iJoint  of 
view  of   the  water-works  man,  it  seems  that    the    question  of 
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electric  pnmpin<i'  will,  according  to  the  local  conditions  encoun- 
tered, be  a  question  that  will  be  up  for  solution  in  many  cases 
where  economies  will  be  derived  from  its  use. 

The  little  leaflets  which  I  wish  to  place  in  the  hands  of  the 
Secretary  for  distribution  to  any  of  the  members  who  desire  to 
learn  our  data  on  the  matter,  were  gotten  out  for  the  information  of 
the  New  York  State  Fire  Chiefs'  Association,  at  the  time  they  met 
in  Schenectady  last  May,  and  it  occurred  to  me  that  they  might 
be  of  interest  to  members  of  this  Association.  Later  on  I  expect 
that  the  cpiestion  will  become  a  very  large  one.  The  city  of 
Schenectady  places  its  total  reliance  on  its  electric  company,  and 
was  probably  the  first  city  in  the  country  to  do  so.  Buffalo 
has  followed  suit,  I  understand,  and  has  had  electric  pumps  in 
operation  about  two  months.  Other  places  are  considering  the 
question,  and  I  have  been  lately  informed  that  the  New  York 
Auxiliary  High-Pressure  Fire  Supply  has  let  a  contract  for  Brook- 
lyn, and  contracts  are  pending  for  an  equipment  of  emergency 
pumps  in  the  highlands  of  Manhattan.  Of  course  this  opens  up 
a  question  W'hich  is  of  rather  more  interest  to  the  fire  protection- 
ists than  to  water-works  men,  but  these  installations  show  the 
trend  of  practice.  I  have  called  attention  to  the  matter  hoping 
that  it  may  lead  to  the  presentation  of  some  papers  for  discus- 
sion at  future  meetings  of  the  Association. 

Adjourned. 

The  afternoon   and  evening  were  devoted   to  a  trip   by  boat 
around  New  York  Harbor  and  a  visit  to  Coney  Island. 
Friday,  September  15,  1905. 

Applications  for  membership  were  presented  from  the  following: 

F.  O.  Sinclair,  engaged  in  general  engineering,  Burlington,  Vt.; 
P.  A.  ^laignen,  designer  of  water-purifying  plants,  Philadelphia, 
Pa.;  Weldon  D.  Griffin,  Arlington,  N.  J.,  Assistant  Superinten- 
dent, New  York  &  New  Jersey  Water  Co.;  John  E.  Hill,  Civil 
Engineer,  Newark,  N.  J.;  M.  Otagawa,  Superintendent  and 
Chief  Engineer  Water  Works,  Tokio,  Japan;  W.  R.  Scofield. 
Superintendent  Matteawan  Water  Dejiartment,  Fishkill  Landin"', 
N.  Y. 

These  applications  having  ])ecn  duly  approved  by  the  Executive 
Committee,  the  Secretar\'  was  directed  to  cast  one  ballot  in  favor 
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of  the  candidates,  and  he  having  done  so,  they  \vere  declared 
elected  members  of  the  Association. 

The  announcement  on  the  program  for  the  morning  session  was 
"  Symposium  on  the  Relation  of  Copper  Sulphate  to  Water  Supply 
Matters."  It  was  opened  by  Dr.  George  T.  Moore,  of  Washington, 
with  a  statement  of  the  general  problem,  with  special  reference 
to  the  use  of  copper  sulphate  as  an  algicide.  Then  Prof.  W.  P. 
Mason,  of  Troy,  spoke  on  the  use  of  copper  sulphate  to  guard 
against  typhoid  fever  epidemics  coming  from  unfiltered  surface 
water  supplies.  Other  papers  were  read  as  follows:  By  Mr.  D.  D. 
Jackson, of  Brooklyn,  on  the  "  Destruction  by  Copper  Sulphate  of 
Typhoid  Fever  Germs  ";  by  Prof.  Henry  Kraemer,  of  Philadelphia 
(read  by  Dr.  Newcoml)),  on  "Germicidal  Properties  of  Metallic 
Copper";  by  Prof.  Herbert  E.  Smith,  of  New  Haven,  on  "Toxico- 
logical  Aspects  of  the  Copper  Sulphate  Treatment  ";  by  Mr.  J.  W. 
EUms,  of  Cincinnati  (read  by  Mr.  G.  C.  Whipple),  on  "The  Be- 
havior and  Uses  of  Copper  Sulphate  in  the  Purification  of  Hard 
and  Turbid  Waters  ";  by  Mr.  George  A.  Johnson  of  Columbus, 
Ohio,  on  '•  The  Application  of  Copper  Sulphate  to  the  Effluents  of 
Coarse  Grained  Sewage  Filters";  by  Mr.  H.  W.Clark,  of  Boston, 
on  "Copper  Sulphate  in  Connection  with  Water  Filtration." 

There  was  then  a  general  discussion  of  the  copper  question,  by 
Mr.  X.  H.  Goodnough,  of  Boston;  Mr.  Karl  F.  Kellerman,  of 
Washington;  Mr.  E.  B.  Phelps,  of  the  Massachusetts  Institute  of 
Technology ;  Mr.  Robert  S.  Weston ,  of  Boston ;  Dr.  George  A.  Soper , 
of  New  York;  Mr.  Allen  Hazen,  of  New  York;  Mr.  G.  A.  Johnson, 
Mr.  P.  A.  Maignen,  Mr.  G.  C.  Whipple,  and  Dr.  E.  L.  Newcomb; 
and  the  gentleman  who  presented  papers  closed  the  discussion. 

On  motion  of  Mr.  Davis  the  thanks  of  the  Association  were 
extended  to  those  gentlemen,  not  members,  who  had  presented 
papers. 

At  the  opening  of  the  evening  session  tlie  following  Avere  elected 
active  members: 

Lewis  W.  Dayton,  Oyster  Bay,  L.  I.,  Superintendent,  Green 
Island  Water  Supply  Co.  and  General  ]\Ianager  Nassau  County 
Water  Co.;  W.  D.  Home,  Yonkers,  N.  Y.,  engaged  in  chemical 
work;  Fred  R.  Betts,  Assistant  Engineer  in  charge  of  Surveys 
and  Construction,  Department  of  Water  Supply,  New  York  City. 
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On  motion  of  Mr.  Sherman,  the  thanks  of  the  Association  were 
extended  to  the  New  York  Central  &  Hudson  River  Raih'oad  Com- 
pany and  to  its  chief  engineer,  Mr.  Wm.  J.  Wilgus,  through  whose 
courtesy  a  special  train  was  tendered  for  the  visit  to  the  Croton 
dam,  the  next  day;  also  to  the  New  York  Rapid  Transit  Com- 
pany mission  for  facilities  afforded  for  inspecting  the  subway  and 
power  house,  and  to  the  Aqueduct  Commission  of  New  York. 
Mr.  Sherman  added,  ''  If  it  were  proper,  I  should  like  also  to  move 
a  vote  of  thanks  to  the  committee  in  New  York  which  has  so 
splendidly  arranged  for  this  our  most  successful  as  well  as  our 
largest  convention.  Since,  however,  they  are  all  members  of  the 
Association  I  suj^pose  that  it  is  not  proper  for  me  to  make  that 
as  a  motion,  but  I  want  it  to  go  on  record  that  we  all  feel  that  we 
are  just  as  much  indebted  to  them  as  though  we  could  pass  them 
a  vote  of  thanks."     [Applause.] 

Mr.  H.  K.  Barrows,  Civil  Engineer,  of  Boston,  delivered  an 
address,  illustrated  by  stereopticon,  on  "  Some  Features  of  Esti- 
mating Stream  Flow  in  New  England." 

Mr.  G.  C.  Whipple,  Civil  Engineer,  of  New  York,  delivered  an 
address,  also  illustrated  by  the  stereopticon,  on  "  The  Water 
Supplies  of  the  New  York  Metropolitan  District  and  Vicinity, 
with  Special  Reference  to  their  Purification." 

Adjourned. 

Saturday,  September  16,  1905. 

A  visit  was  made  to  the  new  Croton  dam,  Plate  I,  Fig.  1,  a  spe- 
cial train  having  been  provided  by  courtesy  of  the  New  York 
Central  &  Hudson  River  Railroad  Company  for  the  transporta- 
tion from  New  York  to  Croton  and  return.  Refreshments  were 
served  on  the  dam. 

A  feature  noted  b}'  man}-  was  the  reproduction  of  the  badge  of 
the  Association  around  the  fountain  below  the  dam,  as  sho^-n 
in  the  accompanying  view.  (Plate  I,  Fig.  2.) 

Exhibits  of  Associates. 

The  following  associates  made  exhibits: 

Allis-Chalmers  Co.,  Pumps. 

Barker  Well  Co.,  Well-drilling  apparatus. 


Plate  I. 


Fig.  1.     Xfav  Ckoton  Dam,  September  16,  190."). 


Fig.  2.     Fouxtaix  below  Xew  Croton  Dam, 
September  Ki,  1905. 
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Central  Foundry  Co., 

Coffin  Valve  Co., 

Fairbanks  Co., 

Fire  &  Water  Engineering  Co. 

Garlock  Packing  Co., 

Hays  Mfg.  Co.. 

Hersey  Mfg.  Co., 

Jenkins  Brothers. 

Kennedy  Valve  Co.. 

Lead  Lined  Iron  Pipe  Co., 

Macleod,  Walter  &  Co., 

H.  Mueller  Mfg.  Co., 

Municipal  News. 

National  Meter  Co., 

Neptune  ]\Ieter  Co., 

Pittsburg  Meter  Co., 

Rensselaer  Mfg.  Co., 

Ross  Valve  Co., 

Smith,  A.  f^.,  :\Ifg.  Co., 

Thomson  Meter  Co., 
Union  Water  Meter  Co., 
Water  Works  Eciuipment  Co., 
Worthington,  H.  R., 
Wood,  R.  D.,  &  Co., 


Universal  pipe. 

Valves  and  hydrants. 

Valves  and  h}drants. 

Publications. 

Packings. 

Brass  goods. 

Meters. 

Pumps,  valves,  and  packing. 

Valves  and  hydrants. 

Lead  lined  iron  pipe. 

Lights,  lead  furnaces,  and  heaters. 

Brass  goods. 

Publications. 

Meters. 

^Meters. 

Meters. 

Valves  and  hydrants. 

Valves. 

Tapping    machines,  brass    goods, 

and  specialties. 
Meters. 
Meters. 

Tapping  machines  and  valves. 
Pumps  and  meters. 
Pipe,  hydrants,  and  valves. 

Fred.  N.  Whitcomb, 
Chairman  Exhibit  Committee. 
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MEETINGS  OF  THE  EXECUTIVE  COMMITTEE. 

Attleboro,  Mass.,  June  28,  1905. 
Present:  President  George  Bowers  and  George  A.  Stacy.  James 
L.  Tiglie.  Frank  E.  ^lerrill.  Robert  J.  Thomas,  Lewis  M.  Ban- 
croft, and  Willard   Kent. 

Six  ap])lications  are  received  and  recommended  for  membership, 
viz.: 

Charles  M.  Bolton.  Olympia.  Wash.;  Ralph  Howard  Garrison, 
Vineland,  N.  J.;  Arthur  N.  French,  Hyde  Park,  Mass.;  Alexander 
Macphail,  Kingston,  Ontario;  Clyde  Potts,  New  York  City; 
George  H.  Felix,  Reading,  Pa. 

The  President  presents  form  of  lease  of  Headciuarters  at  Tre- 
mont  Temple,  for  three  years,  at  four  hundred  dollars  per  annum, 
recommended  by  sub-committee,  whereupon  it  is  voted:  that 
the  same  be  approved  and  that  the  President  and  Secretary  are 
authorized  to  execute  the  same  on  behalf  of  the  Association. 

Mr.  J.  Waldo  Smith,  of  the  New^  York  Committee  on  Annual 
Convention,  very  interestingly  outlined  the  jjlans  of  the  com- 
mittee in  relation  thereto,  and  after  discussion  the  President 
announced  that  the  date  of  the  convention  would  be  September 
13,  14,  15,  and  16. 

Adjourned. 

Attest:  Willard  Kent.  Secretary. 

New  York,  September  13-15,  1905. 
The  Executive  Committee  met  from  time  to  time  during  the 
convention    and    approved     applications    for    membership,    but 
transacted  no  other  business. 

Willard  Kent,  Secretary. 
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August  Fels,  member  of  the  Lowell  Water  Board,  died  Juh' 
3,  1905,,  as  the  result  of  an  accident,  having  been  thrown  from  the 
carriage  while  driving. 

Mr.  Fels  was  born  in  Dombirn,  Switzerland,  Februarj^  7,  1844. 
He  came  to  this  country  about  1862.  In  1864,  he  became  superin- 
tendent of  a  woolen  mill  at  Steventown,  N.  Y.,  and  about  a 
year  later,  of  a  similar  mill  at  Paterson,  N.  J.,  where  he  remained 
until  1877,  when  he  became  agent  of  the  Merrimack  Woolen  Mills 
at  Lowell. 

In  1894  he  was  elected  to  the  Lowell  Water  Board,  and  re- 
mained a  member  until  his  death.  He  is  survived  by  a  wife  and 
five  children. 

Mr.  Fels  was  elected  a  member  of  the  New  England  Water 
Works  Association  on  September  13,  1899. 


Fraxk  L.  Fales,  assistant  engineer  on  the  extension  of  the 
Cincinnati  Water  Works,  died  October  5,  1905,  in  Denver,  Colo., 
where  he  had  gone  for  his  health. 

Mr.  Fales  was  born  in  Milford ,  Mass. ,  in  1865.  He  was  a  graduate 
of  Harvard  University  in  the  class  of  1888,  after  which  he  studied 
engineering  in  Switzerland  and  at  the  Lawrence  Scientific  School. 
He  was  for  several  }-ears  in  the  office  of  the  Massachusetts  Metro- 
politan Water  Board,  but  had  been  since  about  1900  with  the 
commissioners  of  water  works,  Cincinnati,  Ohio. 

He  was  a  member  of  the  Boston  Society  of  Civil  Engineers,  and 
an  associate  member  of  the  American  Society  of  Civil  Engineers. 
He  was  elected  to  membership  in  the  New  England  Water  Works 
Association  on  December  13,  1893. 
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REPORT  OF  COMMITTEE  OX  UXIFORMITY  OF  HOSE  AND 
HYDRANT    THREAD.S. 

GEORGE    A.    STACY,    I\nCHAEL   F.    COLLIXS,   LEWIS    M.    BANCROFT, 

COMMITTEE. 
[Presented  September  14,  190o.] 

To  the  Xew  England  Water  Works  Association:  The  Com- 
mittee on  Uniformity  of  Hose  and  Hydrant  Threads,  apj^ointed 
at  the  annual  convention,  held  at  Holyoke.  Mass.,  in  September, 
1904,  beg  to  make  the  following  report: 

Your  committee  upon  taking  up  this  siiljject  realized  from  the 
first  the  many  difficulties  that  surround  the  satisfactory  solution 
of  this  problem.  For  thirty  years  spasmodic  attempts  have  been 
made,  from  time  to  time,  to  establish  a  standard  for  hose  coup- 
lings, and  up  to  within  a  year  (there  being  no  cooperation  and 
many  of  the  attempts  being  Avithout  due  consideration  and  study) 
very  little  progress  was  made.  Your  committee  were  agreed  that 
there  were  three  things  essential  for  a  standard  thread: 

First,  it  should  be  mechanically  correct. 

Second,  it  should  be  one  that  could  be  adopted  by  the  principal 
fire  departments,  with  the  least  trouble  and  expense. 

Third,  it  should  be  such  as  would  receive  the  endorsement 
of  the  fire  insurance  managers,  commissioners  and  chief  engi- 
neers of  the  principal  fire  departments;  water  works  managers, 
suiDerintendents.  and  manufacturers  of  fire  department  supplies 
and  ec|uipments. 

The  various  diameters  and  pitch  of  threads  used  by  the  different 
fire  departments  throughout  the  country  are  almost  ec{ualed  by 
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the  variety  of  opinions  as  to  what  is  best  to  adopt,  but  all  are 
agreed  that  it  is  growing  more  and  more  important  that  a  stand- 
ard for  hose  threads  should  be  established. 

To  collect  and  tabulate  statistics  necessary  for  the  intelligent 
study  of  this  question,  to  harmonize  the  various  interests,  and 
to  secure  their  co5peration,  rec^uired  more  labor  and  time  than 
was  at  the  disposal  of  your  committee.  We  found  that  there 
were  other  committees  in  about  thesameposition  who  were.or  had 
been,   considering  this  subject. 

The  Committee  on  Standard  Thread  for  Hose  Couplings  of  the 
National  Fire  Protection  Association,  of  which  Mr.  F.  M.  Griswold 
is  chairman,  seems  to  be  the  Moses  that  is  leading  the  various 
parties  considering  this  c^uestion  out  of  the  wilderness  of  doubt 
and  cross  purposes  to  the  light  of  corporation  harmony,  and  a 
satisfactory  solution  of  this  problem. 

Your  committee  desire  to  express  their  appreciation  of  the 
large  amount  of  work  done  l:)y  Mr.  Griswold,  ably  seconded  by  his 
colleagues,  in  collecting  the  information  and  tabulating  the  sta- 
tistics from  all  over  the  country,  whereby  an  intelligent  stud}'  of 
the  question  could  be  made. 

Your  committee  received  an  invitation  last  April  to  attend  a 
conference  in  New  York  to  consider  this  subject,  but  the  notice 
was  so  short  that  none  of  the  committee  were  able  to  attend. 
Later,  by  appointment,  Mr.  Griswold  and  Mr.  Bruen  had  a  con- 
ference with  your  committee  at  our  headquarters,  Tremont 
Temple,  Boston,  when  they  presented  for  our  consideration  a 
formula  for  hose  threads  and  hydrant  connections,  together  ^vith 
facts  and  statistics  by  which  they  had  arrived  at  their  conclusions. 

PROPOSED    STANDARDS. 

The  following  is  the  formula  adopted  by  the  National  Fire 
Protection  Association  as  a  standard: 

Inside  diameter  of  hose,  in  inches 2i  3  S\  4i 

Niunber  of  threads  per  inch 7^  6  6  4 

Male  couplings:  Outside  diameter  of  thread, 

finished,  in  inches 'oj\  3|  4i  5| 

Diameter  at  root  of  thread,  in  inches 2.8715  3.3763  4.0013    5.3970 

Clearance  between  male  and  female  threads, 

in  inches 03  .03  .03  .05 

Length  of  threaded  male  end,  in  inches  ....       1  li  li  If 
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The  above  to  l^e  of  the  60°  \'-threa(:l  pattern  with  one  one- 
hundredth  inch  cut  off  the  top  of  thread  and  one  ono-liundredth 
inch  left  in  the  bottom  of  the  valley  in  2^-inch,  3-inch,  and  Sc- 
inch couplings,  and  two  one-hundredths  inch  in  like  manner  for 
the  4^-inch  couj^lings,  and  with  one-fourth  inch  blank  end  on 
male  part  of  coupling  in  each  case;  female  ends  to  be  cut  |-  inch 
shorter  for  endwise  clearance.  They  should  also  be  bored  out 
.03  inch  larger  in  the  2h,  3,  and  3^-inch  sizes,  and  .05  inch  larger 
in  the  4^-inch  size,  in  order  to  make  up  easily  and  without  jam- 
ming or  sticking. 

The  following  arguments  were  presented  for  the  adoption  of 
the  above  as  a  standard: 

"  First.  The  National  Association  of  Fire  Engineers'  report  for 
1891  (Landy)  shows  a  total  of  1  339  towns  using  2^-inch  inside 
diameter  hose  couplings  having  outside  diameters  ranging,  inclu- 
sively, from  3  to  3^  inches,  and  with  hose  threads  covering  from 
7  and  7^  to  8  per  inch;  of  this  number  about  70  per  cent,  can  be 
made  to  be  of  reliable  service  with  an  outside  diameter  of  3rg 
inches  Idv  the  use  of  a  tap  or  a  die  suited  to  the  number  of  threads. 

"Second.  Messrs.  R.  D.  Wood  &  Co.  (1905)  furnish  statistics 
showing  that  in  SIX  towns  the  same  conditions  exist  as  to  outside 
diameters  and  threads,  and  of  these  it  is  demonstrated  that 
52.6  per  cent,  could  be  adapted  to  the  3Yg-inch  outside  diam- 
eter coupling  by  the  same  means  as  above. 

"  Third.  A  summary  of  525  cases  collated  from  a  most  exhaus- 
tive itemized  list  of  couplings  by  Mr.  J.  R.  Freeman,  of  the  Fac- 
tory Mutual  Insurance  Companies  (1892),  shows  that  82  per  cent, 
of  that  number  carry  the  range  of  7,  7^,  and  8  threads  to  the 
inch,  with  outside  diameters  to  couplings  within  the  above  limits, 
with  such  variations  as  promise  an  ecj^ual  percentage  of  ada])t- 
ability  to  the  Syg-inch  outside  diameter  with  7+  threads  to  the 
inch. 

''Fourth.  As  above  noted,  all  couplings  having  an  outside  diam- 
eter included  within  the  range  of  3x5  to  3|-  inches  may  be 
cheaply  and  easily  made  to  conform  to  the  3^ -inch  diameter 
by  means  of  a  tap  or  a  die  conforming  to  the  size  and  number  of 
the  threads  on  the  coupling. 

"  Fifth.  It  has  been  demonstrated  that  the  swivel  coupling,  cut 
for  7^  threads  to  the  inch,  will  make  a  satisfactory  connection 
to  the  male  ends  of  couplings  cut  to  7  and  8  threads  where 
the  outside  diameter  of  each  is  3j^  inches.  To  accommodate 
the  swivel  (female)  end  of  the  7- and  S-thread  coupling  to  that  of 
the  7A-thread,  an  adapter  would  have  to  be  used,  and  this,  after 
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the  adoption    of    a  '  standard/  would    mean    limited    expense, 
warranted  by  the  conditions. 

''Sixth.  While  there  has  alwa3's  been  divergence  of  opinion  as 
to  an  accepted  standard  for  hose  couplings,  the  exigencies  of  the 
conditions  have  served  to  bring  together  many  in  authority  who 
are  now  ready  to  accept  the  standard  appealing  to  the  best  inter- 
ests of  all  concerned,  and  this  committee  has  assurances  that 
whatever  is  acceptaljle  to  it  will  be  accepted  by  them,  and  its 
adoption  pushed  with  energy  and  persistence." 

Your  committee,  in  considering  the  formula  and  arguments 
presented,  came  to  the  conclusion  that  the  formula  very  nearly 
conforms  to  the  things  which  your  committee  consider  essential  and 
which  were  mentioned  in  the  first  part  of  this  report,  namely: 
That  it  is  mechanically  correct,  and  that  it  can  be  adopted  by  a 
large  majority  of  the  fire  departments  of  this  country  with  very 
little  trouble  or  expense.  Boston  and  a  large  number  of  fire 
departments  throughout  New  England  use  what  is  called  the 
Roxbury  thread,  which  is  S/lj-inch  outside  diameter  and  7 
threads  to  the  inch;  New  York  City  and  surroundings  use  3-inch 
diameter  and  8  threads  to  the  inch;  and  so  on  throughout  the 
country  with  different  threads  and  diameters,  but  with  the  7 
and  8  threads  for  2^-inch  hose  predominating. 

The  adoption  of  7^  threads  per  inch  and  3^-inch  outside 
diameter  for  2^-inch  hose  as  a  standard  is  a  compromise  or  middle 
ground  favoring  no  particular  locality,  and  in  the  opinion  of 
your  committee,  from  their  study  of  the  question  and  their 
experience  as  heads  of  the  fire  departments  of  their  respective 
cities  in  times  past,  will  receive  the  endorsement  and  support  of 
a  very  large  majority  of  those  interested. 

In  closing,  your  committee  recommend  to  the  New  England 
Water  Works  Association  for  their  endorsement  the  "  National 
Fire  Protection  Association  standard  for  hose  threads,"  the  formula 
of  which  is  incorporated  in  this  report. 

DISCUSSION. 

Mr.  Stacy.  The  statement  is  made  in  the  report  that  a  satis- 
factorj'  connection  can  be  made  b}'  a  7^,  with  a  7-  or  8-thread  on 
an  emergency;  that  is,  if  a  department  with  7^  threads  was  called 
to  assist  a  city  or  town  that  had  7  or  8  threads  to  the  inch,  it 
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could  make  satisfactory  connection.  I  can  show  3'ou  here  an 
iUustration  of  that  fact.  [Makes  connections.]  It  is  demon- 
strated that  we  can  get  turns  enough  on  that  thread  to  hold  any 
ordinary  pressure  in  coupling  up  a  7  j  to  either  a  7  or  an  S-thread, 
which  is  the  practical  argument  in  favor  of  this  standard.  This  is 
a  ground  we  can  all  meet  on,  taking  the  country  as  a  whole.  Of 
course  we  New  Englanders,  if  we  were  just  talking  for  ourselves 
within  our  narrow  limits,  would  favor  7  threads  to  the  inch,  which 
the  majority  of  us  are  now  using;  but  when  we  take  it  on  the 
broad  ground  of  a  national  standard  we  cannot  come  to  any  other 
conclusion  than  that  the  7^  thread  is  the  proper  thing  and  the 
wise  thing  and  the  least  expensive  thing  which  can  be  adopted 
by  the  departments  throughout  the  country. 

Mr.  F.  M.  Griswold.  Mr.  President  and  Gentlemen:  The 
matter  of  standardizing  hose  thread  and  hydrant  couplings  has 
been  one  of  burning  interest  for  the  past  thirty-three  or  thirty- 
four  years,  and,  as  the  report  of  your  committee  has  shown,  the 
efforts  to  accomplish  something  have  generally  stopped  with  the 
making  of  the  reports  to  the  various  organizations  that  have 
undertaken  an  investigation.  The  reports  have  been  submitted 
and  printed  and  that  has  been  the  end  of  them. 

When  the  committee  of  the  National  Fire  Protection  Associa- 
tion was  appointed  to  take  up  this  subject,  we  felt  its  importance, 
and  we  thought  we  knew  where  the  other  people  had  failed,  and 
consequently  we  immediately  went  to  work  to  bring  all  you 
people  in  who  are  interested  and  find  out  what  you  knew  and 
what  you  thought  and  get  all  of  us  working  together.  And  the 
consequence  is,  I  am  very  glad  to  say,  that  the  American  Water 
Works  Association  in  May  adopted  the  schedule  which  has  been 
suggested  l^y  your  committee  to-day;  the  National  Fire  Protec- 
tion Association  adopted  it  in  ]\Iay;  the  National  Association  of 
Fire  Engineers  adopted  it  at  Duluth,  in  August;  the  National 
Firemen's  Association  at  Kansas  City  adopted  it  the  latter  part 
of  August,  when  I  was  there;  and,  as  your  committee  has  said,  70 
per  cent,  of  all  the  hose  couplings  in  the  United  States  on  2h- 
inch  fire  hose  can  be  connected,  3^^  outside  diameter,  7^  threads 
to  the  inch.  It  has  been  demonstrated  by  ^Ir.  Stacy  here  before 
you.     We  have  a  7h  female  coupling  and  a  7-thread  and  an  8- 
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thread,  and  they  come  together  and  make  a  mighty  smooth  joint 
when  yon  come  to  handle  them.  It  picks  up  the  7-thread  a  Httle 
more  readily,  as  you  see. 

The  insurance  people  have  always  felt  that  the  interests  of 
what  might  be  called  their  own  selfishness  and  the  broad  general 
interests  of  the  public  were  alike.  We  want  to  see  the  possibility 
of  Portland,  Ore.,  helping  Portland,  Me.,  if  it  is  necessary.  It 
is  a  pretty  long  distance  between  the  two  places,  but  in  1873, 
when  Chief  Hill  at  Cleveland,  Ohio,  made  the  first  proposition 
for  the  establishment  of  a  standard  he  made  the  statement, 
"  Gentlemen.  I  want  a  line  of  hose  wdiich  will  reach  from  the 
Atlantic  Ocean  to  the  Pacific  Ocean  with  one  standard  coupling, 
and  from  the  Canadian  line  to  the  Mexican  line  in  the  other  direc- 
tion." Let  every  man  help  his  brother  —  and  we  all  owe  that  duty 
to  our  brothers,  gentlemen;  there  is  no  question  about  it.  We 
ought  not  to  stand  on  our  own  selfishness  and  on  our  own  private 
opinion,  but  we  should  help  our  neighbors,  and  this  is  one  way  you 
can  do  it.  We  saw  at  Baltimore  a  few  years  ago  the  New^  York 
department,  desiring  to  do  everything  it  could  to  aid,  come  down 
there  and  have  to  tie  its  hose  to  the  hydrants  with  wire  and 
wTap  the  outside  with  gunny  bagging,  and  they  could  hardly  get 
water  enough  to  make  a  stream,  so  that  they  were  really  of  no 
service  until  they  went  to  Jones  Falls  where  they  could  get  open 
suction.  A  little  suburb  near  Baltimore  could  not  be  of  aid 
because  there  was  a  difference  in  the  hose  couplings,  and  each 
community  was  important  enough  in  its  own  estimation,  before 
the  fire  came,  to  think  itself  "it."  The  only  dividing  fine  between 
St.  Paul  and  Minneapolis  is  on  the  map;  you  can't  find  it  on  the 
ground.  They  both  have  7  threads  to  the  inch,  but  each  has  a 
different  diameter.  They  are  supposed  to  have  adapters  which 
will  accommodate  the  hose  of  one  city  to  that  of  the  other,  but 
w^hen  you  come  to  investigate  you  find  they  haven't   got  them. 

Now,  after  thirty-odd  years  of  delay  and  hesitation,  with  graves 
strewn  the  whole  length  of  time,  the  only  inscription  on  the 
headstones  being  "  inconclusion."  isn't  it  about  time  that  we 
should  conclude  something? 

Now  a  word  as  to  what  has  been  accomplished.  The  city  of 
St.  Louis  has  G  threads  to  the  inch,  and  when  this  proposition 
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for  a  standard  thread  came  up  they  were  about  phieitig  an  order 
for  40  000  feet  of  2^-inch  fire  hose;  and  when  it  was  decided  by 
the  National  Fire  Association  that  a  7^-thread,  o^  outside 
diameter,  was  the  thing,  they  said  that  was  what  they  would 
have.  They  will  change  every  coupling  in  that  town  where  there 
are  a  million  people  and  thousands  and  thousands  of  couplings  to 
7h  as  against  6.  When  we  went  south  to  attend  the  meeting  of 
the  American  Water  Works  Association  last  iMay,  we  stopped 
over  in  Washington.  There  is  a  very  important  bureau  there 
some  of  us  have  heard  from,  the  Department  of  Commerce  and 
Labor,  and  one  of  the  sections  of  that  department  is  the  Bureau 
of  Standards,  and  Dr.  Stratton  is  the  man  who  is  at  the  head  of 
it.  He  had  just  returned  from  Paris  and  had  got  the  metric 
system  prett}^  well  fixed  in  his  head.  When  we  showed  this 
combination  to  him  he  threw  up  both  hands  and  said,  "  That  is 
an  odd  thread,  7^  inches."  He  took  out  his  comparative  scale 
and  laid  it  down  and  said  in  surprise.  "  Why,  that  will  accommo- 
date itself  to  the  metric  scale  within  one  two-hundredth  of  an 
inch.  Now,  if  you  can  bring  to  us  the  approval  of  the  leading 
associations  of  the  United  States  wdiich  have  the  control  or  man- 
agement of  the  water  supplies  or  water  use,  we  will  be  very  glad 
to  present  a  bill  to  Congress  and  have  it  passed,  establishing  7h 
threads,  3 ye  outside,  as  the  government  standard."  The 
government  cannot  compel  this  city  or  any  city  or  section  of 
the  United  States  to  adopt  a  standard  of  any  kind,  but  it  can 
give  it  the  prestige  of  being  the  United  States  standard.  And, 
further  than  that,  if  they  adopt  it  as  the  United  States  standard 
it  will  spread  itself  throughout  the  world. 

I  am  not  only  gratified  but  I  am  more  than  satisfied  to  feel 
that  so  important  and  intelligent  a  bod}'  as  the  New  England 
AVater  Works  Association  should  have  received  from  its  com- 
mittee a  report  which  in  my  judgment,  is  irrefutable;  you  can't  get 
away  from  it.    Now  we  have  everything  there  is  in  the  country. 

Mr.  E.  Y.  French.  I  do  not  think  that  I  can  add  anything 
to  the  excellent  description  of  all  this  work  which  Mr.  Griswold 
has  given.  I  think  it  goes  without  saying  that  a  standard  is  in 
every  way  a  desirable  thing.  The  evils  of  the  lack  of  it  have 
shown  themselves  again  and  again  in  conflagrations  where  one 
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city  could  not  help  another;  and  it  seems  to  me  the  work  that 
this  association  has  done  along  this  line,  and  the  work  which  Mr. 
(Jriswold  has  done,  in  bringing  this  matter  to  a  head,  not  merely 
stoi>i)ing  with  the  report,  bni  ])utting  a  very  large  amount  of  time 
into  the  thing,  going  before  these  different  associations  and 
explaining  all  these  matters,  has  been  exactly  the  thing  which 
was  necessary  to  bring  the  desired  result  about. 

1  am  very  glad  that  the  committee  of  this  association  has 
come  to  the  conclusion  that  this  is  a  proper  standard  to  adoi)t, 
and  it  seems  to  me  that  we  have  now  really  reached  the  time 
when  it  is  sure  to  become  a  reality.  I  think  we  can  all  helj)  a 
little  in  this  way.  Recently  it  came  to  our  attention  that  one  of 
the  large  comjninies  was  sending  out  hydrants  to  fit  some  of  the 
older  standards  and  were  leading  in  the  nipples.  We  asked  them 
if  they  wouldn't  be  willing  to  screw  those  in,  and  then,  perhaps, 
in  a  year  or  so.  when  the  towns  began  to  make  a  change,  they 
could  sim])ly  enlarge  the  old  ni])ple  or  screw  in  a  new  one  very 
readily.  They  re]3lied  they  would  be  very  glad  to  do  that,  but 
there  would  be  a  slightly  increased  cost.  I  think  if  each  one  of 
us  would  go  home  and  urge  the  hydrant  peojDle  and  hose  people 
to  do  everything  they  can  to  get  in  line  for  this  change,  it  will 
all  help  to  bring  it  around  fpiicker,  and  it  is  certainly  one  of  those 
things  which  the  sooner  it  comes  the  better  it  will  be. 

^Ih.  Frank  C.  Kemi^all.  In  view  of  this  report  and  the  expert 
oi)inions  we  have  had  on  it,  I  would  move  that  the  report  be 
accepted  and  this  standard  adopted  as  the  standard  of  the  Xew 
England  Water  Works  Association. 

Mii.  Fi-'ANK  L.  Fuller.  There  is  one  matter  that  the  conunittee 
did  not  speak  of,  which  I  suppose  did  not  come  within  their  prov- 
ince, l)ut  wiiich.  it  seems  to  me,  might  well  be  spoken  of  at  this 
time,  and  that  is  the  way  in  which  the  hydrants  should  open. 
There  is  a  diversity  in  that  respect  now,  as  you  all  know,  some 
opening  to  the  right  and  some  to  the  left.  It  has  occurred  to  me 
that  ])erhaj)s  the  committee  in  continuing  their  work  might  make 
a  reconunendation  in  regard  to  that,  and  I  should  like  to  have 
that  included  in  the  motion,  that  they  be  asked  to  make  a  recom- 
mendation as  to  th(>  way  hydrants  should  o]ien.  whether  to  the 
riiiht  or  lo  the  left. 
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Mr.  Stacy.  I  fully  coincide  with  i\Ir.  Fuller's  opinion  as  to 
the  desirability  of  having  hydrants  and  gates  all  open  in  the 
same  direction,  but  this  committee  has  put  considerable  work  into 
the  subject  that  they  were  appointed  to  consider  and  have  con- 
cluded their  labore,  and  it  seems  to  me  it  would  mix  things 
up  a  little  bit  now  to  luring  in  something  that  is  foreign  to 
the  subject  which  they  were  appointed  to  consider.  It  would  be 
opening  up  a  new  field  at  this  time,  the  importance  of  which  I 
acknowledge,  and  I  would  suggest  that  the  work  be  carried  on  by 
some  committee.  But  we  consider  that  this  report  closes  up  and 
finishes  our  work,  and  we  wait  your  approval  of  the  work  that  we 
have  done,  and  that  will  end  the  matter  as  far  as  this  committee 
is  concerned.  Then  if  there  is  any  new  work  to  be  done,  —  and 
there  is  lots  of  it  of  iinportance, — let  us  start  afresh  and  have 
another  report,  but  as  chairman  of  this  committee  I  shall  insist 
that  this  report  be  considered  as  it  has  been  submitted.  You 
can  either  reject  it  or  adojit  it  and  that  will  end  the  matter,  and 
then  I  would  l^e  very  glad  to  see  the  suggestion  of  ^Ir.  Fuller 
carried  out,  because  there  is  nobody  who  sees  a  man  on  the  other 
side  of  the  street  working  away  with  a  wrench  and  hollers,  "The 
other  way  "  to  him,  but  wishes  that  everybody  knew  enough  to 
open  the  hydrant  the  right  way  and  that  they  all  opened  the 
same  way.  A  man  situated  as  I  am,  having  the  charge  of  the 
pumping  engine  as  well  as  of  the  rest  of  the  works,  with  the  valves 
in  the  engine  room  turning  one  way  and  the  valves  on  the  street 
turning  another,  sometin.ies  in  the  night,  if  he  is  a  little  sleepy, 
will  have  to  scratch  his  head  to  think  where  he  is.  [Laughter.] 
But  that  is  something  which  is  foreign  to  the  matter  before  us 
now,  and  I  therefore  shall  ask  for  your  verdict  on  our  rejjort  as  it 
stands. 

jNIr.  Fuller.  I  simply  mentioned  the  matter  because  it  seemed 
to  me  that  the  two  things  were  pretty  intimately  connected,  and 
if  the  recommendation  of  the  committee  could  cover  both  it 
would  be  a  good  idea.  However,  I  don't  want  to  impose  any 
more  work  on  the  committee  than  they  are  willing  to  take. 

The  President.     Then  you  will  withdraw  your  motion? 

Mr.   Fuller.     Yes;    I  will  withdraw  my  amendment. 

[^Ir.   Kimball's  motion  that  the  report  of    the  committee    be 
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accepted  and  this  standard  adopted  as  the  standard  of  the  New 
England  Water  Works  Association  was  then  put  and  adopted.] 

The  President.  Does  JMr.  Fuller  want  a  committee  appointed 
to  consider  the  matter  he  has  suggested? 

^Ir.  Fuller.  I  think  this  is  a  matter  of  a  good  deal  of  impor- 
tance, ]Mr.  President.  In  my  own  work  I  have  always  been 
confronted  with  the  question  as  to  which  way  the  hydrants  shall 
open.  One  man  says  they  should  open  to  the  right,  another  man 
says  they  should  open  to  the  left,  and,  as  I  understand  the  hydrant 
men,  about  half  of  the  hydrants  open  to  the  right  and  about  half 
to  the  left.  Now,  it  seems  to  me,  it  is  time  that  the  thing  should 
l)e  settled  one  way  or  the  other.  Personally  it  would  not  make 
any  difference  to  me.  as  I  know  of,  which  way  they  opened,  but, 
as  Mr.  Stacy  has  said,  it  is  an  abomination  for  a  fireman  to  go 
out  and  have  to  be  instructed  as  to  which  way  the  hydrants  are 
to  be  o]3ened,  when  it  ought  to  be  a  commonly  known  thing  and 
there  should  be  uniformity  everywhere.  And  while  it  seems  to 
me  that  these  two  matters  ought  to  go  together,  for  the  sake  of 
bringing  it  before  the  association  I  will  move  that  a  committee  be 
appointed  to  investigate  this  subject  and  make  a  recommenda- 
tion. I  understand  any  expression  coming  from  this  association 
would  have  a  great  deal  of  weight,  and  I  am  very  sure  that  the 
hydrant  people  would  be  glad  to  have  something  adopted  in 
the  wa}'  of  progress  toward  uniformity.  Therefore,  I  make  the 
motion  that  a  committee  of  three  be  appointed  by  the  President 
to  make  some  recommendation. 

1\1r.  French.  I  would  like  to  suggest  in  addition  to  that, 
that  the  committee  also  take  up  the  C{uestion  of  the  size  and  shape 
of  nut,  and  1  think  it  would  also  be  well  to  include  the  ordinary 
gate  valves,  to  see  if  we  can't  get  the  whole  thing  into  one  gen- 
ei'al  standard.  The  National  Fire  Protection  Association,  as  Mr. 
Griswold  has  just  reminded  me,  are  taking  up  both  the  question 
of  hydrant  stem  and  nut,  and  I  am  sure  a  committee  of  that  asso- 
ciation would  be  very  glad  to  cooperate  in  work  of  this  kind  so  far 
as  possible;  and  I  think  it  could  be  extended,  as  I  say,  to  the  gate. 

Mr.  Fuller.  I  intended,  ]\lr.  President,  to  include  the  matter 
of  the  opening  of  valves,  because  I  think  the}',  of  course,  should 
o))en  the  same  way  as  the  hydrant. 

[^Ir.  ^Fuller's  motion  was  put  and  adopted.] 
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WATER-WORKS  ACCOUXTIXG.* 

BY  JOHN   F.   J.    MULHALL.    PUBLIC  ACCOUNTANT,    BOSTON,   MASS. 
[Read  September  14,  1903.] 

Water-works  accounting  differs  radically  from  accounting  in 
other  lines,  excepting  only  gas,  electric  light,  railway  and  tele- 
phone companies,  due  principally  to  the  number  and  variety  of  the 
auxiliary  books  necessary  for  completeness  of  records  as  to  reve- 
nues, operation,  maintenance,  and  construction. 

In  order  to  treat  this  subject  intelligently,  it  was  deemed  best  to 
commence  this  paper  on  the  assumption  that  a  complete  water 
works  of  modern  type  had  been  constructed,  and  was  in  readiness 
for  operation,  even  though  part  of  the  paper  might  be  considered 
as  rudimentaiy  in  a  gathering  of  water-works  officials. 

On  the  commencement  of  business,  the  public  or  ciuasi-public 
water-works  corporation  generally  issues  a  pamphlet  or  flyer, 
embodying  its  rates,  rules,  and  regulations,  a  copy  of  which  is  at  the 
disposal  of  all  citizens,  and  at  the  same  time  opens  what  is  termed 
an  — 

i.   application  book. 

Boston,  Mass 1905. 

Consumers'  Water  Company. 

The  undersigned  hereby  makes  application  to  the  aforesaid 
company  for  a  supply  of  water  at  (his  or  her)  premises,  located  at 

and  occupied  by for 

purposes  only,  and  agrees  to  pay  for  same  in  accordance  with  the 
rates,  rules,  and  regulations  of  said  company,  now  or  hereafter  in 
force;  and  further  agrees  that  the  said  compan}'  may  enter  upon 

the  premises  or  any  lands  owned  by or  in  which 

has  a  right,  for  la}'ing  all  pipes  that  may  be  necessary  for  water- 
stipply  purposes,  and  that  said  company  may  inspect  and  rejjair 
such  pipes  at  any  time  when  occasion  requires. 

(Signature) 

*  Extract  from  a  forthcoming  book  entitled,  "  Quasi-Public  Corporation  Accounting 
and  Management,"  copyright,  1904-1905,  by  John  F.  J.  Mulhall. 
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This  is  the  authority  or  contract  under  wliicli  the  water- works 
superintendent  makes  the  service  connection. 

II.    SERAICE  CARD. 

When  the  connection  is  completed,  the  service-pipe  inspector 
makes  out  what  is  termed  a  service  card,  showing  the  size  of  the 
connection,  kind  and  length  of  pipe  from  main  to  property  line, 
with  gates,  etc.,  thereon;  and  on  the  back  of  the  card  showing  a 
sketch  or  diagram  of  the  connection.  If  desired ,  these  data  can  be 
plotted  on  the  large  set  of  plans  showing  the  system  of  works  and 
connections  therewith.  If  company  charges  consumer  for  tapping 
distribution  pipe,  or  for  the  pipe  from  same  to  his  property  line, 
bill  can  be  made  directly  from  this  card  and  proper  record  thereof 
made  in  the  registers  hereinafter  described,  after  which  the  card 
can  be  filed. 

III.  plumber's  card. 

After  the  plumber  has  installed  the  fixtures  in  the  house,  he 
makes  his  return  on  what  is  termed  a  "  Plumber's  Card,"  showing 
for  what  i3urposes  supj^ly  is  used,  and  the  number  and  kind  of 
fixtures  connected ;  also  any  fixtures  or  connections  which  ma}'  l)e 
used  on  the  outside  of  the  premises,  and  submits  same  to  the 
company,  whose  representative  makes  an  inspection  of  same  and, 
if  found  satisfactory,  countersigns  the  card.  The  details  of  the 
fixtures  connected  with  the  service  can  then  l^e  transferred  to  the 
inspection  part  of  the  register  and  card  filed. 

IV.    WATER,  TAP,    AXD  SERVICE-PIPE  BILLS. 

All  bills  for  water,  taps,  and  service  pipes  are  first  entered  in  their 
respective  registers.  In  order  to  avoid  confusion  and  to  expedite 
posting,  bills  for  metered  water,  unmetered  water  or  fixture  rates, 
service  pipes  and  tajDs,  should  be  printed  on  paper  of  different 
colors.  Bills  are  made  with  stub  attachments,  the  stubs  being 
retained  by  the  collector  as  his  voucher  for  moneys  received. 

The  collector  then  submits  his  report  to  the  treasurer  or  other 
officer,  on  a  printed  form  arranged  in  a  columnar  manner,  showing 
the  number  of  service,  name  of  consumer,  amounts  j^aid  for  water 
(meter  and  fixture  basis  separately),  taps,  service  j^ipes,  miscel- 
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laneoiis,  and  date  when  paid.  The  total  of  this  report  shonld 
agree  with  the  total  of  the  amounts  as  indicated  on  the  stubs 
which  he  detached  from  the  bills.  When  transmitting  cash  or 
check  to  the  treasurer  for  the  amount  of  the  report  with  stulis 
attached,  he  receives  from  the  treasurer  voucher  signed  by  him, 
which  is  made  detachable  from  report  ])y  a  ]ierfo rated  line. 

Should  the  collections  be  made  directly  by  the  treasurer,  he 
could  make  out  a  "statement  of  collections  "on  a  form  similar  to 
the  one  described,  and  attach  the  stubs  thereto,  posting  payments 
to  the  respective  customers'  accounts  in  the  registers.  The  totals 
of  the  columns  on  these  statements,  viz.,  "  ^letered  Water," 
"Fixture  Rates,"  "Service  Pipes,"  "  Taps,"  etc.,  should  also  be 
posted  to  his  cash  account,  under  their  respective  columns,  either 
daily,  weekly  or  monthly,  as  the  occasion  demands,  after  which 
the  statements  can  be  filed.  In  a  large  works  these  statements 
should  be  written  up  and  posted  daily. 

Another  method  is  by  th  euse  of  a  controlling  account:  At  the 
end  of  certain  predetermined  periods  to  debit  customers'  accounts 
in  the  main  ledger  with  the  total  amounts  as  shown  by  the  respec- 
tive registers  for  water,  taps,  service  pipes,  etc.,  and  crediting 
these  accounts  in  said  ledger,  also  crediting  customers'  accounts 
and  debiting  cash  when  pa^^ments  are  made,  and  to  make  proper 
entries  or  allowances  for  all  abatements,  rebates,  outstanding 
accounts,  etc.,  at  the  end  of  the  fixed  periods. 


V.    COMBINED    INSPECTION    AND    WATER    REGISTERS. 

The  combined  inspection  and  water  registers,  both  for  metered 
and  unmetered  water,  are,  outside  the  cash  book,  journal,  and 
ledger,  the  two  most  important  books  of  original  entry  in  Avater- 
works  accounting. 

The  inspection  part  of  the  book  will  show  all  the  details  of  each 
service,  such  as,  service  number,  consumer,  fixtures  in  use,  meter 
number,  size,  kind,  location,  purposes  used,  etc.,  which  have  been 
transferred  from  the  plumbers'  cards.  This  part  need  be  entered 
only  once  during  the  life  of  the  book,  which  can  be  made  to  run 
for  any  number  of  years,  preferably  five  years,  on  account  of 
soiling  from  frcc[uent  handling.     If  there  is  a  change  in  the  fix- 
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tures  or  consumer,  siifli  change  can  be  entered  from  the  "  House- 
to-house  inspection  "  or  the  "  On-and-off  "  book. 

The  financial  part  of  the  book  is  arranged  in  a  columnar  manner, 
having  columns  for  amount  due  for  water,  service  pipes,  taps, 
miscellaneous,  reljates,  discounts  or  abatements,  amount  paid, 
when  paid,  and  balance  due  for  the  unmetered  register;  for  the 
metered  register,  reading  cul)ic  feet,  difference,  rate,  amount 
due,  discounts  or  abatements,  amount  paid,  when  paid,  balance 
due. 

By  this  method  you  will  have  at  all  times  a  complete  record  of 
each  service  connected  with  the  mains,  and  its  status,  obviating 
the  necessity  of  referring  to  other  books  when  any  question 
arises. 

All  bills  should  be  entered  according  to  the  character  of  the 
service,  either  in  the  ''  metered  "  or  "  unmetered  "  registers. 

When  payments  are  made,  the  respective  customers'  accounts 
are  credited  in  these  books,  and  the  totals  are  debited  to  cash  under 
the  respective  accounts  in  the  main  ledger.  At  the  end  of  any 
period,  the  total  amount  of  payments  should  agree  with  the 
amounts  received  by  the  treasurer.  These  books  are  self-l3alanc- 
ing,  —  the  total  amount  of  all  bills  rendered  should  equal  the 
totals  of  the  columns,  rebates,  discounts  or  abatements,  amount 
paid,  and  balance  due. 

If  the  accounts  are  kept  Id}'  the  controlling  method,  the  col- 
lections should  be  credited  to  their  pro]ier  accounts  in  the  main 
ledger. 

For  a  large  city,  it  would  be  advisable  to  divide  the  city  into 
sections  or  wards,  allotting  books  to  such  sections  or  wards  in 
accordance  with  the  policy  adopted  by  the  city,  viz.,  whether 
payment  for  water  is  made  on  a  metered,  or  fixture,  room,  valua- 
tion, frontage,  or  other  basis,  or  combination  of  same,  thus 
proportioning  the  books  and  work  of  accounting  to  different 
bookkeepers. 

If  desired,  the  columns  for  service  pipes  and  taps  could  be 
eliminated  from  the  above-mentioned  books,  and  a  separate  book 
kept  for  these  accounts,  as  charges  seldom  occur  after  the  first 
installation,  —  then  only  for  re])airs  or  renewals. 
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VI.    HOUSE-TO-HOUSE  INSPECTION  AND  METER  BOOKS. 

These  books  are  of  such  a  common  character  that  it  is  deemed 
unnecessary  to  make  suggestions  therefor.  They  can  be  printed 
and  bound  in  a  small  book  easily  carried  by  the  inspector,  or  else 
on  loose  leaves  or  cards  and  transcripts  made  directly  to  their 
respective  registers;  no  entry  or  transcript  is  required  to  be  ma<le 
in  the  inspection  part  of  the  registers  unless  there  is  a  change  in  the 
fixtures  or  name  of  customer.  They  should  be  arranged  l)y 
streets  or  routes. 

VII.    ON-AND-OFF  BOOK. 

This  can  also  be  arranged  in  a  columnar  manner  and  kept  on 
block  form  of  loose  leaves  or  sheets,  manifolded,  the  manifold  cojiy 
being  sent  daily  to  the  bookkeepers  to  make  proper  entry  in  their 
'registers  of  the  services  "on"  or  "off."  If  kept  in  a  bound  book, 
abstracts  of  daih'  changes  should  be  sent  to  the  bookkeepers. 

VIII.    CASH  BOOK,  JOURNAL,  AND    LEDGER. 

These  three  books  can  be  combined  in  one  book  for  a  small 
works,  allotting  the  first  part  to  Cash,  the  second  to  Journal,  and 
the  last  part  to  Ledger,  in  the  proportion  of  one  half,  one  eighth 
and  three  eighths,  respectively. 

The  journal  and  ledger  are  of  the  usual  ruled  form,  but  the  cash 
book  is  arranged  in  a  colunmar  manner,  both  on  debit  and  credit 
sides,  thereby  making  it  a  "Cash  Ledger." 

The  following  suggested  headings  or  columns  for  a  cash  book 
are  intended  for  a  well-equipped  works  in  a  large  city,  —  which 
can  be  added  to  or  reduced  to  meet  the  needs  of  any  works. 
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The  totals  of  the  respective  columns,  excepting  only  "  Other 
Ledger  Accounts  "  column,  can  be  summarized  at  any  given  period, 
and  posted  by  one  entry  direct  to  the  ledger,  thereby  avoiding  a 
great  deal  of  unnecessary  bookkeeping. 

The  column  "  Other  Ledger  Accounts  "  is  intended  for  any 
personal  or  impersonal  accounts  with  which  it  is  desired  to  open 
an  account  in  the  ledger,  and  requires  separate  posting  for  each 
account  entered  in  this  column. 

If  payments  are  made  by  check,  with  ^'oucher  attached,  colunms 
can  be  inserted  for  "Voucher  No."  and  "Total  of  Vouchers,"  if 
desired. 

Another  method  is  to  open  what  is  either  termed  a  Distribu- 
tion Book,  Accounts  Payable',  or  Vouchers  Payable  Book,  in  lieu 
of  making  distribution  of  accounts  in  the  cash  book,  and  make  the 
distribution  under  the  suggested  headings  for  all  disbursements; 
also  open  an  Accounts  Receivable  Book,  distributing  the  receipts 
under  the  suggested  headings;  and  open  controlling  accounts 
with  said  books  in  the  main  ledger.  This  method  is  in  use.  as  a 
rule,  only  in  the  largest  quasi-public  corporations. 

IX.     AUXILIARY   BOOKS. 

These  books  have  only  an  indirect  bearing  on  the  revenues, 
operation,  maintenance,  or  assets  and  liabilities  of  a  plant;  never- 
theless they  are  important  as  a  means  of  ready  reference,  and 
should  be  kept  by  all  works. 

(A)   Construction  Record  Book. 

This  book,  as  its  name  implies,  shows  size,  kind,  lengths,  and 
location  of  all  pipes,  hydrants,  valves,  valve  boxes,  meters,  etc., 
which  are  buried  in  the  ground  to  a  great  extent;  and  details  and 
sketches  of  other  structures,  such  as  pumping  stations,  reservoirs, 
standpipes,  filters,  etc.,  culled  from  the  original  specifications  or 
contracts  for  building  the  same.  It  contains  all  information  which 
a  general  plan  of  the  works  should  furnish,  but  in  addition  gives 
the  details  on  all  parts  of  the  construction.  It  is  assumed,  how- 
CA-er,  that  all  works  would  at  least  have  a  general  plan  showing 
the  pipe  system  and  connections. 
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Iiiforination  of  this  character  should  bo  a  matter  of  record,  for  in 
case  of  absence,  disability,  or  the  sudden  death  of  a  manager  or 
superintendent  of  a  jilant,  who  alone  was  the  possessor  of  these 
data,  emergencies  might  arise,  such  as  a  break  in  the  mains,  ^^"hich 
might  cause  loss  by  flood  alone  nmning  into  the  thousands  of 
dollars.  As  a  means  of  ready  reference,  alone,  it  will  economize 
in  time  and  labor,  and  at  times  avoid  large  financial  outlay  to 
properly  locate  the  pipes  and  other  structures  which  have  been 
buried  in  the  ground  for  years. 

For  a  large  city  it  would  be  advisable  to  have  a  construction 
record  l)ook  covering  the  whole  city;  and  in  addition  thereto,  sec- 
tional or  divisional  construction  record  books,  each  superintendent 
of  a  division  or  section  being  furnished  with  a  copy  of  the  con- 
structicni  records  pertaining  to  his  division. 

(B)   Gate  Book. 

This  book  is  in  the  nature  of  a  small  sketch  book,  which  can  be 
carried  in  the  pocket,  showing  the  location  of  gates  and  hydrants 
by  streets,  and  is  invaluable  to  a  superintendent,  as  it  obviates  the 
necessity  of  consulting  the  plans  continuously.  If  more  than  one 
copy  of  the  book  is  desired,  the  original  sketches  can  be  made  on 
tracing  cloth,  and  blueprints  made  therefrom  at  a  small  expense 
for  any  number  of  books.  They  should  be  indexed  b}'  streets. 
For  large  works,  gate  books  should  be  allotted  to  each  division  or 
section. 

(C)  Pvmping  Station  Record  Book. 

This  is  ke])t  by  the  engineer  or  his  assistant,  and  shows  the  time 
of  pum])ing,  number  of  revolutions  of  the  pump,  kind  of  coal  and 
amount  used,  number  of  gallons  of  water  pumped  dailv,  etc. 

Computations  from  these  data  can  lie  made  which  will  show 
the  amount  of  water  pumjied  during  the  year,  either  by  water  or 
steam  power,  and  whether  the  pump  is  performing  duty  ec{uiv- 
alent  to  its  ratc^l  (^lliciency.  If  not,  there  is  a  loss  in  delivery, 
which  is  commonly  called  "  slip,"  and  it  would  be  advisable  to 
have  the  pump  tested  and  j:)Ut  in  repair,  thereby  keeping  down 
operation   charges    in    reducing   the   anuMint   of   coal   consumed, 
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Avear  and  tear  on  pumping  machinery,  and  additional  cost  of  extra 
engineering  force. 

(D)  Filter  Record  Book. 

This  book  is  kept  b}'  the  operator  at  the  filter  plant,  in  a  col- 
immar  manner,  with  columns  for  day  of  month,  duration  of 
jnunping,  head  on  filters,  before  and  after  using,  number  of  filters 
in  use,  water  filtered  in  twenty-four  hours,  average  rate  of  filtration 
per  filter,  amount  of  water  used  in  washing  filters,  amount  of  alum 
used,  other  chemicals,  compartments  cleaned,  turbidity,  tem- 
peratures (air  and  water),  results  of  analyses,  and  column  for 
remarks,  under  which  can  be  entered  such  data  as  when  filters 
were  replenished  and  washed,  number  of  men  employed,  teams,  etc. 

(E)  Meter  Test  and  Meter  Repair  Books. 

These  books  are  more  in  the  nature  of  records  of  the  comparative 
efficiency  and  durability  of  the  different  kinds  of  meters  on  the 
market,  and  can  be  arranged  in  a  columnar  manner,  showing  the 
kind  and  size  of  meter,  maker,  head,  openings  or  size  of  streams 
measured,  discharge  (cubic  feet),  percentage  of  loss  on  rated 
efficiency,  etc.,  with  column  of  remarks,  under  which  can  be 
entered  the  conditions  under  which  the  test  is  made  for  the  meter 
test  book. 

For  meter  repair  book,  columns  for  date  set,  maker,  kind  and 
size  of  meter,  date  repaired,  with  extended  column  for  rej^airs 
and  renewals,  sub-divided  into  columns  for  spindles,  disks,  cas- 
ings, frost  cases,  bolts,  etc.,  following  with  columns  of  cost  and 
remarks. 

These  books  can  be  made  up  in  bound  form,  loose  leaves,  or 
the  data  kept  on  cards,  as  seems  most  desirable. 

In  conclusion,  I  would  state  that  the  greater  part  of  these  books, 
excepting  onl}'  a  few  thereof,  have  been  in  use  for  the  j^ast  twenty 
years  by  ^lessrs.  Wheeler  and  Parks, — latterly  Mr.  William 
Wheeler,  who  purchased  ^Ir.  Parks'  interest,  —  large  owners  and 
operators  of  water  works  throughout  the  United  States,  with  whom 
I  have  been  engaged  during  that  jieriod. 
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DISCUSSION. 

-Mr.  W.  C.  Hawi.ky.*  The  paper  presenteil  by  Mr.  !\[ulhall 
certainly  outlines  an  admirable  way  of  keeping  the  accounts  of  a 
water  dej^artment  or  water  company,  but  there  are  one  or  two 
things  which  might  be  of  considerable  value  in  addition.  I  find 
that  when  we  have  an  argument  with  some  of  our  consumers, 
sometimes  there  is  a  great  reluctance  on  their  part  to  accept  a 
record  which  one  of  the  em])loyees  of  the  water  company  has  made, 
as  to  turning  off  the  water,  turning  it  on,  repairs,  etc.  Doubtless 
some  of  you  other  gentlemen  have  come  across  that  same  condition. 
If  you  have  to  go  into  court  with  your  books,  you  will  find  even  a 
greater  reluctance  on  the  part  of  attorneys  and  juries  to  accept 
such  evidence. 

For  that  reason  our  company  has  prepared  a  set  of  books,  in  the 
form  of  orders,  —  one  book  for  turning  on,  one  book  for  turning 
off,  another  book  for  meter  repairs,  service  repairs,  and  so  on, 
covering  all  those  things  for  which  we  may  have  to  charge  and  of 
which  we  want  a  record.  The  consumer's  signature  is  required 
on  those  orders.  The  various  original  orders  are  printed  on 
different  colored  papers,  and  the  orders  are  in  triplicate,  the 
second  and  third  being  carbon  copies.  One  carbon  copy  remains 
in  the  book  as  a  record,  the  second  carbon  copy  goes  to  the 
foreman  of  the  proper  dei)artment,  and  the  original  remains  in  the 
book  until  the  foreman  has  made  his  return  and  has  entered  up 
his  record  on  it  and  then  i*  is  filed  with  the  original  contract  in 
the  contract  file.  At  any  time  when  we  wish  to  know  the  history 
of  the  contract  w'e  can  turn  at  once  to  it  and  there  are  the  original 
papers  with  the  signatures  of  the  consumers,  which  we  find  very 
much  better  evidence  than  simply  a  record  in  our  ledger,  for 
instance,  made  by  a  clerk. 

I  had  an  illustration  of  that  recently  when  a  lady  with  one  of 
those  automatic  ball-bearing  tongues  came  in  and  spent  nearly 
an  hour  telling  me  her  troubles.  I  was  at  a  loss  how  to  settle  the 
matter  with  her,  until  one  of  our  clerks  who  overheard  the  argu- 
ment happened  to  go  to  our  contract  file  —  it  isn't  all  completed, 
we  only  have  part  of  it  ready  —  and  fortunately  found  that  this 

*  General  superintendent,  Pennsylvania  Water  Company,  Wilkinsburg,  Pa. 
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particular  contract  had  complete  records  with  it,  and  I  was  able 
to  show  the  lad}-  that  on  the  day  she  said  slie  had  ordered  the 
water  off  she  had  really  signed  a  contract  and  an  order  to  turn 
it  on.  On  the  day  she  ordered  it  turned  on,  according  to  her 
story,  she  signed  another  order  to  have  it  turned  off.  It  didn't 
take  long  to  settle  the  matter  then.  Such  a  record  is  of  very  great 
value. 

Mr.  Mulhall.  I  will  say  that  this  paper  of  mine  is  intended 
as  a  rough  draft,  a  sort  of  groundwork,  as  it  were,  for  water-works 
accounts.  It  would  not  cover  the  case  of  some  city  where  the 
ordinances,  or  their  desires,  might  require  the  on-and-off  book  or 
other  books  to  be  kept  separately.  This  is  condensing  matters 
into  the  smallest  number  of  books,  which  I  find  to  be  the  desire 
of  water-works  people  as  a  rule.  A  book  could  easily  l^e  made 
for  the  ''  on"  services  and  another  for  the  ''  off,"  or  a  book  could 
be  arranged,  the  first  part  of  it  for  the  "  on  "  and  the  latter  part 
of  it  for  the  "  off,"  and  as  the  customers  have  to  sign  the  book  they 
would  have  to  come  to  the  main  office. 

I  will  say  further  that  the  cash  accounts  which  are  recommended 
would  not  aiDph'  to  small  works,  because  they  would  involve  too 
much  bookkeeping.  They  would  have  to  use  their  own  judgment 
as  to  what  accounts  they  wanted  to  open  so  as  to  reduce  the  work 
to  a  minimum. 

Mr.  a.  a.  Reimer.  I  should  like  to  ask  INIr.  Mulhall  what  he 
has  found  the  opinion  to  be  regarding  the  keeping  of  records  by 
the  card  system  rather  than  by  the  loose  ledger  or  open  ledger 
plan? 

Mr.  ]\Iulhall.  Well,  being  an  accountant,  I  must  say  that 
1  should  be  entirely  opposed  to  the  card  system  for  financial 
records;  I  would  not  for  a  moment  recommend  cards  for  people 
to  keep  their  financial  data  on,  —  vay  reputation  would  be  at 
stake. 

In  the  first  place,  supposing  you  do  use  cards,  you  have  got  to 
buy  office  furniture  which  takes  up  considerable  floor  space  for  a 
large  concern,  floor  space  for  which  rent  ranges  from  $1.50  to  83.00 
per  sc^uare  foot  in  the  large  cities,  and  if  capitalized  at  4  per  cent, 
would  amount  to  a  great  deal  of  money,  which  is  equivalent  to  an 
original  investment  of  that  amount.     You  really  have  to  buy 
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special  furniture;  cards  are  common  and  you  can  buy  those 
anywhere.     So  much  as  to  the  first  cost. 

Xow.  coming  down  to  cards  as  a  matter  of  keeping  records.  — 
it  means  you  have  to  find  the  proper  card  in  the  bunch,  take  it 
out.  put  it  on  the  table,  fill  your  pen  with  ink  and  write  on  it^ 
then  blot  it,  put  your  pen  down  and  put  your  card  back  in  the 
place  from  which  you  took  it.  All  that  takes  a  great  deal  of  time^ 
and  if  time  is  worth  anything  you  shouldn't  use  it  in  that  way. 
I  know  the  card  system  was  installed  in  some  places  and 
taken  out  again.  The  Chicago  Gas  Company  put  in  the  card 
system  and  got  tired  of  it;  the  Lawrence  Gas  Company  and  the 
Somerville  and  the  Maiden  Electric  Light  Company,  I  understand^ 
and  the  Walworth  ^Manufacturing  Company,  and  Lowell  ^Machine 
Shops.  I  would  add  here  that  the  Walworth  ^Manufacturing 
Compan}'  did  not  install  it  with  reference  to  their  financial  affairs 
but  onh^  to  keep  tabs  on  different  pieces  of  fittings  and  things  of 
that  nature. 

I  think  cards  are  excellent  for  records  of  service  pipes,  plumbers'^ 
work  and  possibly  meter  records,  and  things  of  that  sort,  where 
there  are  no  financial  data  connected  with  them.  Cards  can 
be  lost  and  the  loss  of  one  may  throw  your  whole  accounting 
system  out  of  gear.  Then  consider  the  question  of  the  possibility 
of  theft,  and  getting  rid  of  cards  to  destroy  evidence.  The  card 
system  is  accepted  in  court  as  a  matter  of  record  when  there  is 
nothing  else  available,  but  it  hasn't  the  standing  a  bound  book 
has,  and  in  fact  it  hasn't  the  standing  of  a  loose  leaf.  There  is 
a  great  force  back  of  the  card  system,  I  mean  a  financial  force,  but 
very  few  accountants  recommend  it.  I  have  never  known  one 
who  did.  In  fact,  I  have  only  known  one  accountant  to  recom- 
mend the  loose-leaf  system,  but  the  loose-leaf  accounting  has 
many  valuable  points  in  its  favor.  It  is  not  so  easy  to  lose  a  leaf 
as  it  is  to  lose  a  card ;  and  audits  and  totals  can  be  secured  a  great 
deal  cjuicker.  All  the  advertised  advantages,  however,  of  both 
the  loose-leaf  and  card  system  can  be  incorporated  in  bound  books. 
Cards  are  entirely  out  of  the  question  with  me,  anyway. 

Mr.  Reimer.  I  thank  the  gentleman  for  the  information,  but 
I  may  say  that  in  the  department  with  which  I  am  connected 
we  have  had  a  great  deal  of  success  with  the  card  system  in  both 


DISCUSSION.  407 

the  financial  and  the  operating  departments.  1  know  that  the 
clerks  in  m}^  department  would  not  have  anything  else  if  they 
could  have  their  choice.  As  regards  the  opinion  of  experts,  the 
department  has  been  recently  audited,  and  in  their  report  the 
experts  most  heartily  favor  the  card  system  and  advocate  it  very 
strongly  for  the  water  department,  —  that  one  department  of  the 
cit}'  only,  but  very  strongly  for  that  department.  I  wanted  to 
state  what  our  experience  had  been  in  case  others  were  con- 
templating the  use  of  the  card  system. 

]\/r.  Kenneth  Allen.*  I  may  say  that  the  city  of  Baltimore 
uses  the  card  system  entirely  in  its  water  accounting,  and  I  under- 
stand it  has  been  found  to  work  very  satisfactorily  there.  We  use 
it  in  Atlantic  City  only  for  the  record  of  services,  and  have  just 
introduced  it  for  keeping  a  sort  of  stock  account,  so  that  we  can 
destro}'  the  cards  when  the}^  are  used  up.  That  is,  when  we  have 
filled  the  card  we  transfer  to  another  card  and  throw  the  old  one 
away.  For  the  keeping  of  ledger  accounts  I  think  there  are  some 
strong  arguments  in  favor  of  the  old  book  systems. 

Mr.  Edward  W.  BEMis.f  The  card  system  as  a  method  of 
keeping  the  accounts  of  the  meter  departments  of  a  water  works 
has  been  challenged.  I  rise  not  exacth'  to  pick  up  the  gauntlet, 
because  I  do  not  claim  to  be  an  expert  accountant,  but  I  will 
state  that  the  Cleveland  Meter  Department  is  entirely  on  the  card 
system,  with  the  exception  of  certain  books  of  the  double  entry 
system,  which  fits  into  the  card  system,  and  which  was  adopted 
and  worked  out  for  me  by  a  member  of  the  Ohio  Accountants 
Association,  ]\Ir.  Carl  Xau,  now  of  Cleveland,  who  is  recognized 
as  one  of  the  best  accountants  in  Ohio.  He  states  that  the  system 
which  he  has  worked  out  to  supplement  the  card  system  has 
made  it  absolutely  safe.  Other  investigators,  such  as  the  state 
of  Ohio  supervisor  of  municipal  accountants,  who  is  a  part  of 
the  state  auditor's  department,  —  Ohio  is  the  only  state  in  the 
Union  except  North  Dakota  which  has  a  supervision  of  all  the 
municipal  accountants,  —  he  has  looked  into  the  matter  to  some 
extent  and  considers  that  we  havejan  entirely  safe  system.  The 
details'of  itfl  will  not  go  into.     I  think  I  will  ask  Mr.  Carl  Nau  to 

*  Superintendent  of  Water  Works,  Atlantic  City,  N.  J. 
t  Superintendent  of  Water  Works,  Cleveland,  Ohio. 
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jjrepare  a  statement  and  I  may  send  it  on  to  be  read  at  some 
future  meeting,  if  he  cannot  attend.  It  ^vill  explain  wh}'  it  is  con- 
sidered a  safe  system. 

In  the  matter  of  economy  of  time,  I  may  sa}'  we  have  saved  a 
great  deal.  You  see  we  are  metering  so  rapidly  that  it  is  a  great 
convenience  at  every  six  months  term  to  put  in  the  new  cards  by 
streets  and  by  the  particular  location  on  the  streets.  We  had 
30  000  meter  cards  the  first  of  April,  and  we  will  add  10  000  more 
the  first  of  October,  owing  to  the  results  of  our  meter  setting 
the  last  six  months,  and  we  want  to  put  them  in  the  order  of 
location.  We  have  several  checks  on  this.  For  example,  we  have 
a  book  record  of  every  connection  in  the  city,  and  we  audit  the 
card  system  every  little  while  by  this  record  of  the  number  of 
connections.  Then  we  have  the  meter  reading  books  as  another 
system  of  auditing.  Then  we  have  the  stubs  of  all  the  meter 
bills  in  the  auditor's  office,  which  is  another  system  of  auditing. 
And  we  have  set  up  a  system  of  double-entry  l^ookkeeping.  with  a 
competent  bookkeeper  in  charge,  in  connection  with  this  card 
system,  each  street,  I  believe,  being  reckoned  as  a  separate  account 
and  all  the  cards  on  that  street  being  charged  up  in  the  account 
and  then  audited.  The  whole  system  has  to  be  audited  by 
streets  every  term.  I  am  not  sufficiently  familiar  with  all  the 
details  of  the  system  to  be  able  to  defend  it  against  such  an 
expert  accountant  as  has  attacked  it  this  morning,  but  I  thought 
I  would  merely  say  that  I  do  not  think  we  are  yet  the  awful  warn- 
ing which  it  has  been  said  that  those  cities  which  adopted  it 
would  be,  and  I  especially  wanted  to  say  that  the  system  does 
have  the  approval  of  very  eminent  authority,  and  was.  in  fact, 
worked  out  by  one  of  the  best  expert  accountants  in  the  West. 

]\1r.  Mulhall.  Mr.  President,  I  acknowledge  that  the  card 
system  for  certain  purposes  is  verj^  good,  such  as  keeping  meter 
records  and  service-pipe  records,  or  anything  which  does  not  bear 
upon  the  financial  data;  but  as  a  rule,  and  I  think  the  best  prac- 
tice and  experience  l)ear  me  out, -in  very  few  cases  is  the  card 
system  used  for  financial  records.  Very  few  cjuasi-public  corpo- 
rations are  on  the  card  system.  They  are  generally  either  on  the 
bound  book  or  the  loose  leaf.  The  Xew  York  Gas  Company  and 
Electric  I.iight  Company  woukl  no  more  think  of  using  the  card 
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system  than  —  well,  than  I  would.  The  Providence  Gas  Company 
would  not  tolerate  it.  The  Portland  Gas  Company  had  cards  in 
and  took  them  out;  the  Chicago  Gas  Company  did  the  same  thing. 

Now,  I  haven't  looked  up  the  reasons  why  they  took  them  out, 
because  I  am  satisfied  in  my  own  mind  that  it  takes  about  twelve 
to  twenty  times  as  much  work  for  a  Ixjokkeeper  to  handle  the  card 
system  as  it  does  the  bound  book  or  the  loose-leaf  s^'stem,  for  the 
simple  reason  that  you  have  to  take  a  card  out  every  time  }-ou 
make  a  record,  and  ]nit  it  on  the  table,  blot  it  and  put  it  back. 
That  is  for  just  one  record,  there  being  only  one  account  to  each 
card. 

Now  to  get  up  monthly  statements,  by  the  bound  book  or  loose- 
leaf  system  you  can  add  up  the  accounts  of  from  20  to  50  customers 
at  once  to  get  the  monthly  total;  if  you  have  the  card  system, 
where  there  is  a  large  number  of  customers,  you  would  have  to 
take  out  each  card  and  either  call  it  off  to  a  machine  operator  or 
jot  the  amount  down  on  a  piece  of  paper,  which  increases  the 
liability  of  error  proportionately  to  the  number  of  times  handled. 
To  get  the  accounts  to  balance  they  sometimes  have  to  go  over 
it  two  or  three  times.  Card  accounts,  furthermore,  are  not 
self-balancing. 

I  know  of  a  case  at  the  present  time.  I  am  not  at  liberty  to 
state  where  it  is,  where  they  have  adopted  the  card  system,  and 
they  have  about  120  000  customers,  and  they  are  at  sixes  and 
sevens  now.  The  parties  who  introduced  the  system  had  their 
representative  there  looking  out  for  it  for  about  a  month.  The 
cry  in  the  office  is,  "  Put  the  card  back  in  its  proper  place  always." 
"  Don't  touch  that  box."  "  Don't  take  that  card  out."  There 
are  120  000  customers  and  about  100  or  possibly  150  clerks,  and 
think  of  the  possibilities  of  cards  being  taken  out  and  mislaid  or 
lost,  especially  when  they  are  handled  by  so  many  clerks. 

It  takes  a  larger  force  to  handle  the  card  system,  and  the  ex- 
penses of  the  extra  force  of  employees  necessary,  together  with 
the  cost  of  adding  machines  and  renewals  thereof,  should  be  capi- 
talized in  arriving  at  the  first  cost,  in  addition  to  the  floor  space 
previously  mentioned. 

I  was  talking  the  matter  over  with  the  treasurer  of  a  large 
gas  and  electric  light  company,  who  were  on  the  card  system,  one 
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day,  and  he  said,  "  Well,  there  are  a  great  many  things  against  the 
card  system;  what  you  told  us  is  true."  They  all  acknowledge 
that  they  lose  or  mislay  cards  at  times,  and  the  loss  of  a  card  is  an 
occasion  of  sorrow  to  the  treasurer  or  to  the  financial  man  in 
charge  of  the  department. 

But  su])])OHing  they  don't  lose  cards.  It  takes  them,  as  I  said 
before,  a  greater  length  of  time  to  add  up  the  total  customers' 
bills  for  a  month  or  day  by  the  number  of  times  they  have  to 
handle  tlie  cards  and  put  them  back.     They  are  not  self-auditing. 

I  have  got  some  objections  here,  while  I  think  of  it.  The 
treasurer  of  a  large  gas  comi)any  suggests  these  objections: 

1.  Only  one  account  to  a  card. 

2.  Harder  and  longer  operation  to  post.  Work  in  ratio  of  20 
to  1.     (He  says  20  to  1;  I  said  12  to  1.) 

8.  Not  self-auditing. 

4.  Xot  approved  by  auditors. 

5.  Longer  time  to  get  totals. 

6.  Danger  of  misplacing  or  losing  cards. 

7.  Can't  put  in  ordinary  vault. 

8.  Numerous  and  expensive  filing  cases  for  present  and  future 
use. 

9.  First  cost  of  fixtures,  of  files,  etc.,  excessive. 

Now,  I  didn't  think  this  subject  was  coming  up  here,  but  1 
happened  to  have  these  data  on  hand  in  my  memorandum  book. 

Another  case  I  know  of  where  a  party  is  enthusiastic  over  the 
card  system.  He  has  put  in  one  vault  which  cost  him  about 
S500  and  he  is  going  to  put  in  another  vaidt  to  cost  S500  more,  to 
take  care  of  a  few  more  cards.  Books  could  go  into  the  vault  all 
right,  books  can  be  arranged  for  a  vault.  You  are  not  liable  to 
lose  a  whole  book  at  once;  you  are  liable  to  lose  a  card.  I  will 
acknowledge  what  the  gentleman  said.  He  will  find  some  people 
who  will  recommend  it  to  a  certain  extent,  but  not  for  financial 
data. 

Mr.  l^EMis.  Mr.  President,  I  am  delighted  to  have  these 
things  brought  out,  for  nothing  can  do  us  more  good  than  to  have 
all  our  positions  challenged,  and  it  will  furnish  the  basis,  I  hope, 
for  a  further  discussion  at  some  future  meeting.  I  will  merely 
sav  that  in  the  vear  or  two  this  svstem  has  been  on  trial  with  us 
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not  a  card  has  l)een  lost.  There  are  only  a  dozen  clerks  who 
have  access  to  these  40  000  cards.  And  as  to  the  matter  of  time, 
I  am  sure  we  manage  it  so  that  we  gain  time  rather  than  lose  it. 
Addition  may  not  be  quite  as  quick  although  with  the  adding 
machines  it  is  very  rapid.  But  where  we  may  lose  a  little  in  that 
we  gain  in  the  ability  to  refer  readih'.  Every  day  in  the  collection 
department  there  are  large  numbers  of  peoi^le  who  want  further 
information  about  their  bills,  —  we  sometimes  have  comj^laints 
about  them,  —  and  we  can  instantly  produce  the  card  which 
has  on  it  the  last  meter  reading,  the  present  meter  reading,  the 
amount  of  water  used  between,  and  the  bill  made  out  on  that  basis. 
That  is  all  on  one  card.  And  we  have  on  the  same  card  the  pre- 
vious bills  running  back  from  one  term  to  seven  or  eight.  And 
if  we  want  to  go  back  further,  if  the  card  in  use  does  not  go  back 
far  enough,  we  can  go  to  another  section  where  we  have  the 
previous  card.  I  think  the  gain  in  ready  reference  in  answering 
questions  and  complaints  of  consumers  is  enormous,  and  in  the 
opinion  of  our  clerks  who  have  worked  under  both  systems  it 
more  than  counterbalances  the  slight  loss  there  may  be  in  addi- 
tion. And,  further,  I  will  say  that  our  accounts  balance  to  a 
penny  every  six  months  thus  far;  how  it  will  l^e  hereafter  remains 
to  be  seen.  I  merely  want  to  state  that  there  is  more  possibility 
of  using  the  card  system  satisfactorily  than  perhaps  might  have 
been  inferred,  although  it  must  be  supplemented  by  a  controlling 
account  set  up  on  the  general  ledger  of  the  department  and  be  a 
part  of  the  comprehensive  double-entry  bookkeeping  system. 
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RELATION  OF  INTENSITY  OF  TYPHOID  FEVER  TO 
CHARACTER  OF  WATER  CARRIAGE. 

BY  PROF.  W.  P.  MASOX,  TROY,  X.  Y. 
[Read  September  H,  1905.] 

Typhoid  epidemics  following  the  use  of  polluted  river  water 
are  commonly  mild  in  character,  while  isolated  country  cases 
of  the  disease  are  often  severe.  Such  has  been  the  writer's  experi- 
ence, and  a  reasonable  explanation  would  seem  to  be  that  while 
the  adverse  conditions  of  river  carriage  supply  abundant  oppor- 
tunity for  the  pathogenic  germs  to  either  die,  or  to  at  least  lose 
a  portion  of  their  virulence,  the  conditions  governing  the  use  of 
water  from  an  infected  well  usually  admit  of  a  shorter  period 
of  time  elapsing  between  the  entrance  of  polluted  material  and 
the  drinking  of  the  water.  In  other  words,  the  struggle  for 
existence  during  stream  transmission  will  cause  a  decrease  in  the 
"  poisoning  power "  of  the  typhoid  germ,  which  decrease  will 
vary  directly  with  la]Dse  of  time,  and  will  consequently  be  a 
function  of  both  distance  and  velocity  of  flow.  Bacilli,  there- 
fore, which  started  on  their  journey  in  vigorous  health  might  be 
considered  as  arriving  at  the  point  of  invasion  in  a  state  so  en- 
feebled as  to  be  incapable  of  producing  a  "  normal  "  type  of 
disease. 

Such  a  proposition  was  advanced  by  the  writer  some  two  j'ears 
ago  in  an  imi)ortant  case  involving  the  question  of  water-borne 
typhoid,  and  the  following  data  are  offered  in  support  of  the 
argument. 

At  Waterville,  Mo.,  there  recently  arose  an  opportunity  to 
study  an  outbreak  of  typhoid  fever  occurring  among  people  who 
used  waters  of  wideh"  different  characters.  The  public  su])ply  of 
the  city  was  from  a  stream  which  received  the  sewage  of  a  town 
a  few  miles  away,  and  many  cases  of  ty]:)hoid  occurred  among 
those  who  exclusively  used  such  water.  Throughout  the  town 
there  were  numerous  grossly  polluted  domestic  wells,  and  fever 
cases  were  plentiful  among  families  using  water  from    no  other 
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source.  As  was  to  have  been  expected,  a  still  larger  ninnl)er  of 
cases  of  the  disease  were  found  where  the  water  drunk  was  from 
both  the  wells  and  the  river.  A  careful  house-to-house  visita- 
tion elicited  the  following  data.  The  division  of  the  cases  into 
''  light  "  and  "  severe  "  rests  upon  the  stateni(>nts  of  the  attend- 
ing physicians. 


Water 
U.sed. 

Number 

Cases 

of 

Light 
Cases. 

Severe 
Cases. 

Ratio  of  Severe  Cases 
to  Total  Cases. 

Stream     .    . 

.    .            61 

U 

17 

27.80% 

Well     .    .    . 

.    .            46 

20 

26 

56.50% 

:\Iixecl  .    .    . 

.    .           132 

72 

60 

45.45% 

Data  such  as  the  above  are  very  difficult  to  secure,  and  we  are 
usually  forced  to  rest  satisfied  with  mortality  returns  alone,  but 
even  from  such  unsatisfactory  material  our  proposition  receives 
no  small  measure  of  support. 

In  a  report  prepared  for  the  Parliamentary  Bills  Committee 
of  the  British  ^Medical  Association,  Hart  gives  sundry  figures 
for  a  number  of  British  epidemics  of  t^'i^hoid  fever.  It  is  possible 
to  pick  out  from  his  collection  of  facts  108  instances  where  the 
disease  could  be  traced  to  contaminated  Avells  upon  the  one  hand, 
or  to  polluted  reservoirs  or  streams  ujDon  the  other.  The  table 
here  following  gives  the  average  death-rates  for  the  two  classes 
of  epidemics,  and  there  are  added  the  figures  for  milk  epidemics 
also,  although  such  are  foreign  to  the  present  discussion. 

Average  Death-rate. 

75  epidemics  due  to  well  waters 11.83% 

33          „            ,,     ,,  stream  and  reservoir  waters  .    .    .      9.85% 
20         „  „     „  milk 12.79% 

In  speaking  with  the  writer  upon  this  general  subject,  a  Phila- 
delphia physician  of  large  practice  said  that  his  typhoid  death- 
rate  in  private  practice  was  about  5  per  cent.,  but  that  upon  one 
occasion  it  was  much  higher.  He  was  called  to  attend  an  out- 
break of  the  fever  occurring  among  a  considerable  number  of 
Russian  sailors,  who  had  been  sent  to  Philadelphia  to  man  a 
battleship  then  building  at  Cramp's  shipyard.  These  men  drank 
water  from  a  well  which  was  afterwards  proven  to  have  been 
grossly  polluted.  The  typhoid  death-rate  resulting  among  them 
was  about  20  per  cent. 
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Such  figures  as  have  been  given  certainly  tend  to  show  that 
greater  or  less  concentration  of  polluting  material  and  longer  or 
shorter  exposure  of  the  typhoid  germ  to  unfavorable  surroundings 
must  be  held  to  account  in  part  at  least  for  the  variabihty  observed 
in  the  intensity  of  the  disease. 

One  word  further,  if  1  may  be  pardoned  for  taking  your  time. 
I  have  seen  quite  a  number  of  figures  of  recent  date  with  refer- 
ence to  typhoid  fever,  notably  those  from  the  city  of  Columbus. 
Both  the  number  of  deaths  and  the  number  of  cases  were  reported 
monthly.  It  was  pecidiar  to  observe  that  when  typhoid  was  not 
very  prevalent  in  the  city  the  death-rate  was  ver}^  high  —  most  of 
the  patients  died;  ])ut  when  typhoid  fever  was  really  wide- 
spread and  there  was  an  epidemic,  most  of  those  attacked  got 
well.  That  merely  shows,  of  course,  that  when  there  is  but  little 
doing  in  the  matter  of  t3'phoid  the  cases  are  not  reported.  Physi- 
cians will  report  cases  during  an  epidemic,  but  they  will  not 
report  them  during  a  non-epidemic  period  imless  they  should 
happen  to  be  fatal. 

DISCUSSION. 

Dr.  George  A.  Soper.*  Dr.  ^lason  has  brought  together  a 
number  of  convincing  statistical  facts  which  confirm  a  view  which, 
as  he  says,  is  not  entirely  new,  having  been  pronounced  by  him 
some  years  ago,  and  which  has  been,  I  fancy,  very  generally 
accepted.  Much  credit  is  due  him  for  gathering  these  statistics 
which  he  has  cited.  Statistics  of  t3^phoid  are  exceedingly  diffi- 
cult to  collect.  Even  under  the  best  circumstances,  it  is  almost 
impossible  to  tell  how  many  cases  of  typhoid  occur  in  any  epi- 
demic; and  during  the  times  when  there  is  no  epidemic,  it  is 
jH'aetically  im])ossible  to  know  even  approximately  how  much 
typhoid  is  at  hand. 

Dr.  ]\Iason  has  struck  a  note  in  his  concluding  remarks  which, 
I  think,  we  should  all  take  ])articular  notice  of,  and  that  is  that 
])hysicians  are  so  often  delinquent  in  reporting  their  cases.  I 
think  we  all  ought  to  insist,  when  cases  of  t^^phoid  fever  come 
under  our  notice,  that  they  be  reported.  In  no  other  way  can 
the  prevalence  of  typhoid  fever  throughout  this  country  be 
brought  finally  under  control. 

♦Sanitary  Engineer,  \ew  York  City. 
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I  have  a  few  facts  which  confirm  Dr.  IMason's  argument  that 
typhoid  fever  whicli  has  been  jjrodiiced  by  drinking  infected  well 
water  may  be  more  severe  and  more  fatal  than  ty])hoid  fever 
brought  by  water  from  a  distance.  In  a  j^taper  which  I  read  at 
the  last  convention  of  this  Association  upon  the  epidemic  at 
Ithaca  in  1903,*  I  mentioned  that  the  epidemic  was  exceedingly 
widespread  through  the  city  and  that  the  death-rate  was  about 
7  per  cent.  Towards  the  end  of  that  epidemic,  —  in  fact  after  it 
had  ceased,  —  there  was  a  sudden  outbreak  which  was  traced 
to  a  well.  In  that  instance  every  case  of  tyj^hoid  fever  was 
extremely  severe  and  the  death-rate  was  10  per  cent.;  fifty  people 
were  attacked  and  five  died.  The  person  who  infected  the  well 
had  a  very  mild  case  which  was  contracted  from  the  water  suppl}-. 

There  are  probably  excellent  reasons  why  the  disease  is  more 
intense  when  the  germs  have  only  recently  passed  from  the  sick. 
Laboratory  experiments  and  field  experience  indicate  that  the 
germs  become  attenuated  by  remaining  a  long  while  outside  of 
the  body  under  unfavorable  conditions,  and  so  lose  their  power 
of  producing  the  typical  form  of  typhoid  fever  which  can  easily 
be  recognized  by  the  i^hysician.  At  the  same  time,  it  must  not 
be  forgotten  that  all  of  the  diarrheal  diseases  which  occur  in  an 
epidemic  are  not.  in  all  probability,  due  to  typhoid  germs.  The 
same  conditions  which  lead  to  the  infection  of  a  water  supj^ly  by 
typhoid  bacilli  are  likely  to  lead  also,  and  at  the  same  time,  to  its 
infection  by  germs  of  other  enteric  disease.  In  any  large  epi- 
demic, therefore,  it  is  not  improbable  that  we  have  to  deal  not 
only  with  typhoid  but  other  enteric  diseases  which  pass  for  typhoid. 
This  may  account  in  part  for  the  comparative^  low  mortality  in 
some  typhoid  fever  epidemics,  traceable  to  public  water  supplies. 
When  a  well  becomes  infected  with  typhoid  bacilli,  it  is  not  so 
likely  that  the  germs  of  other  enteric  disease  are  present  also. 

It  is  a  matter  of  doubt,  in  my  mind,  whether  the  length  of 
time  which  the  bacilli  have  spent  in  passing  from  the  sick  to  the 
well  is  the  main  element  in  reducing  their  vitality.  The  time  at 
Ithaca  and  Watertown  seems  to  have  been  as  short  as  in  some 
well  epidemics.  At  Ithaca  the  infectious  matter  which  produced 
the  epidemic  could  not  have  traveled  more  than  twenty  miles, 

*  Journal,  December,  1904,  vol.  18,  p.  431. 
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and  it  passed  over  this  distance  at  a  time  when  the  stream  was 
in  freshet.  It  was  probably  a  question  only  of  a  few  hours  from 
the  time  when  the  infectious  material  was  let  loose  to  the  time 
it  reached  the  intake  of  the  water  works.  At  Watertown  the 
nearest  village  was  4^  miles  away,  and  the  farthest  from  which 
the  infectious  material  was  believed  to  have  come  17  miles,  and 
the  water  supply  in  this  case  also  became  infected  during  a 
freshet.  It  is  probable,  therefore,  that  in  these  two  extensive 
epidemics  the  infectious  material  was  only  a  few  hours  in  passing 
from  the  place  where  it  originally  lodged  to  the  water  works. 
It  is  true,  however,  that  we  do  not  know  how  long  a  time  was 
actually  consumed  by  the  bacilli  in  their  passage  from  the  sick 
to  the  well  in  these  instances. 

With  respect  to  the  difference  between  the  mortality  among 
the  Russian  sailors  and  among  the  private  patients  of  the  physi- 
cian in  Philadelphia,  I  think  the  care  that  the  different  people 
received  may  account  for  a  good  deal  of  the  astonishing  differ- 
ence in  the  death-rate.  Care  in  typhoid  fever  is  the  best  cure 
we  knoAv.  Among  people  who  can  afford  the  very  best  nursing, 
the  death-rate  is  lower  than  among  others.  Among  sailors  the 
death-rate  from  typhoid  seems  always  to  l)e  exceptionally  high. 

.Mr.  F.  a.  W.  Davis.*  ^Ir.  President,  while  I  of  course  believe 
everything  that  the  experts  say,  I  should  like  very  much  if  they 
would  turn  their  attention  to  fixing  definitely,  if  they  can,  if  there 
are  not  other  means  of  spreading  typhoid  fever  than  through 
water,  although  I  suppose  we  must  confess  that  water  is  the 
largest  carrier  of  typhoid  fever.  We  are  very  much  interested 
in  this  question  in  Indianapolis,  and  we  have  spent  considerable 
money  and  time  in  the  investigation  of  it;  and  we  are  satisfied 
that  we  are  still  a  long  way  from  ascertaining  the  exact  causes 
of  the  sj^read  of  typhoid  fever. 

Dr.  jMasox.  Of  course,  as  we  all  know,  a  very  considerable 
amount  of  typhoid  fever  is  capable  of  being  transmitted  by 
flies.  A  ponderous  tome  has  recently  been  issued,  published  by 
the  GoA'ernment.  the  main  subject  of  which  is  typhoid  fever  dur- 
ing the  Spanish-American  War.  The  surgeon  of  one  of  the  New 
York  regiments   has  told  me  a  pretty  grewsome  tale  about  the 

*  President  Indianapolis  AVater  Company,  Indianapolis,  Ind. 
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spread  of  typhoid  fever  by  flies,  and  he  is  a  man  who  knows  wliat 
he  is  talking  about. 

With  respect  to  other  modes  of  transferring  ty])hoid  icwr 
from  person  to  person,  there  is  the  mode  of  secondary  infection 
which  is  referred  to  so  often  by  Sedgwick  in  his  reports,  where 
filthy  surroundings  allow  filthy  people  to  have  their  filthy  liands 
come  directly  in  contact  with  food.  So  far  as  milk  e))idemics 
are  concerned,  of  course  they  are  water  epidemics  after  all, 
because  they  result  from  the  filling  of  milk  into  cans  whicli  have 
been  washed  in  polluted  water. 

One  word  more,  if  I  may  be  j^ermitted.  I  do  not  wish  to  lose 
sight  of  the  main  distinction  between  20  per  cent,  and  5  per  cent, 
in  the  death-rates  to  which  I  have  referred  in  Philadelphia.  Dr. 
Soper  in  his  remarks  has  said  that  a  great  deal  depends  on  the 
nursing.  That  is  true,  but  you  must  remember  that  these  two 
death-rates  were  in  one  man's  in^actice.  That  is  an  important 
fact  to  be  borne  in  miiid.  And  while  those  Russian  sailors  were 
doubtless  not  the  richest  people  on  earth,  they  probably  had  ex- 
cellent care,  for  Russia  was  ])aying  the  bill. 

Mr.  M.  N.  Baker.*  The  incompleteness  of  our  typhoid  sta- 
tistics is  notorious  and  extremely  unfortunate,  and  we  certainly 
should,  all  of  us,  use  our  influence  to  the  greatest  possible  extent 
to  make  these  statistics  more  complete.  It  would  seem  as  though 
physicians  above  all  men  would  be  greatly  interested  in  report- 
ing cases  of  illness  and  death  from  the  various  communicable 
diseases.  But  I  know  from  my  experience  in  the  last  ten  or 
twelve  years  as  a  member,  and,  later,  as  president  of  the  board 
of  health  in  a  small  town,  that  even  where  there  is,  as  there  is 
there,  a  very  intelligent  body  of  jihysicians,  a  body  which  is  very 
glad  to  cooperate  with  the  board  of  health  and  is  continually 
cooperating  with  it  in  all  respects,  we  have  difhculty  in  getting 
prompt  and  complete  reports. 

In  the  matter  of  typhoid  fever,  however,  1  think  our  repoits 
are  cjuite  complete,  as  we  were  unfortunate  in  years  past  in  hav- 
ing some  serious  outbreaks  of  typhoid,  thus  impressing  upon  the 
physicians  the  importance  of  prompt  and  complete  reports. 
One  of  the  worst  of  these  outbreaks  emphasizes  a  point  suggested 

*  Associate   Editor,  "Engineering  News,"  Xew  York  City. 
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by  one  of  the  previous  speakers.  It  was  an  out-and-out  milk 
epidemic.  In  a  town  which  then  had  a  population  of  perhaps 
11  000  or  12  000,  we  suddenly  had  80  typhoid  cases,  followed  by 
13  deaths.  All  the  cases  were  found  after  careful  investigation 
to  be  attril)utable  to  the  milk  that  came  from  a  single  dairy. 
The  cans  used  for  handling  this  milk  were  washed  with  the  water 
from  a  well,  which  well  was  not  very  many  feet  distant  from  an 
outhouse  at  a  higher  level  than  the  well;  and  this  outhouse,  it 
was  subsequently  ascertained,  had  been  used  by  a  young  man, 
a  son  of  the  milkman,  who  had  what  may  be  called  a  walking  case 
of  typhoid,  in  fact  I  think  it  did  develop  into  something  more 
serious  than  a  walking  case  of  typhoid. 

While  we  must  not  relax  our  efforts  to  safeguard  our  water  and 
purify  it  when  needed,  it  is  important  to  all  who  have  to  do  with 
the  management  of  water  works  and  the  reputation  of  water 
works,  that  they  should  try  to  bring  pressure  to  bear  upon  })hysi- 
eians  and  upon  local  boards  of  health  to  get  more  accurate  and 
more  complete  vital  statistics.  We  should  not  stop  short  with 
trying  to  see  what  part  of  the  typhoid  in  a  community  is  attribu- 
table to  the  public  water  supply. 

One  way  in  which  I  think  we  will  have  to  broaden  our  health 
protective  work  is  to  include  in  our  studies  of  typhoid  hereafter, 
if  w^e  can  find  it  feasible  and  practicable  to  do  so,  studies  of  the 
diarrheal  diseases.  I  am  convinced  that  while  such  studies  will 
prove  quite  difficult,  and  the  results  may  perhaps  be  ambiguous 
for  the  present,  they  will  do  this,  if  nothing  else:  they  will  show 
that  in  many  of  our  communities  diseases  which  really  are  typhoid 
are  being  reported  as  something  else;  and  a  careful  comparative 
study  of  the  diarrheal  diseases  in  a  given  community,  in  connec- 
tion with  the  returns  for  the  same  classes  of  diseases  in  other 
communities,  will  gradually  throw  a  great  amount  of  light  upon 
this  question  and  will  contribute  to  the  completeness  of  our  tj'phoid 
statistics.  I  have  recently  had  occasion  to  go  over  the  vital 
statistics  of  a  city  which  now  has  a  population  of  nearly  20  000, 
for  some  twenty-five  years  past,  and  there  are  some  things  in 
connection  with  those  vital  statistics  which  are  really  very  sur- 
prising, and  which  some  day  it  is  possible  I  shall  have  the  pleasure 
of  laving  l^efore  the  association. 
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y\ii.  (lEORGE  W.  Wri(;ht.  Clotting-  hack  to  Professor  .Mason's 
remarks  on  the  rekition  between  typhoid  from  well  and  stream 
waters,  in  the  city  \\'hich  I  represent,  Norfolk,  Xa.,  we  have  had 
no  typhoid  cases  from  the  city  water,  that  is,  none  have  ever  Ijcen 
differentiated  by  the  city  bacteriologist.  We  have  quite  a  num- 
ber of  t3'phoid  cases  in  the  city,  and  they  arc  accounted  for  by 
the  fact  of  the  large  floating  population,  and  that  there  are  many 
people  who  live  at  the  beaches  during  the  summer  who.  as  a  nde. 
drink  water  from  wells,  and  it  is  claimed  that  they  bring  most  of 
the  cases  to  the  cit}'.  That  is  the  ju-incipal  reason,  I  think,  wh}- 
we  have  a  comparatively  large  typhoid  fever  rate  in  the  city  of 
Norfolk,  and  it  is  not  due  to  the  city  water  at  all.  With  refer- 
ence to  the  virulence  of  different  cases,  those  who  come  from  the 
beaches  usually  have  severe  cases,  which  would  seem  to  bear 
out  Professor  .Mason's  theory. 

Dr.  Soper.  Mr.  Baker  has  said  that  it  is  well  worth  while  to 
investigate  and  take  account  of  the  diarrheal  diseases  which  are 
not  positively  pronounced  to  be  typhoid,  because  he  thinks  that 
in  many  cases  such  diseases  will  be  found  to  be  typhoid.  This 
is  precisely  my  own  view.  The  fact  that  a  great  deal  more  typhoid 
fever  exists  in  any  locality,  where  some  cases  are  known,  has  been 
very  conclusively  settled  by  an  investigation  made  l:)y  Koch,  who 
embodied  the  results  of  liis  study  in  a  lecture  which  he  delivered 
before  the  Kaiser  Wilhelm  Academy,  Berlin,  November  28,  1902. 

I  have  no  doubt  that  before  many  of  the  great  typhoid  epi- 
demics have  broken  out,  there  have  been  distinct  warnings  in 
waves  of  diarrheal  diseases  that  have  passed  over  the  communities 
and  that  these  signals  of  danger  could  have  been  discovered  and 
interpreted  b}'  any  one  who  had  the  disijosition  to  note  them.  At 
Ithaca  there  was  the  well  known  "  Ithaca  fever"  or  "  Freshman 
fever,"  which  attacked  large  numbers  of  the  freshman  class  at 
Cornell  University  every  year.  When  the  typhoid  epidemic  broke 
out  in  1903,  it  was  at  first  declared  to  be  nothing  but  the  "■  low 
form  of  fever"  which  had  been  experienced  every  year  in  the' 
fall.  At  Butler,  Penn.,  small  waves  of  typhoid  had  ]3assed  over 
the  city  before  the  great  epidemic  of  1903-4.  At  Watertown. 
N.  Y.,  several  distinct  and  recognized  epidemics  occurred  before 
the  extensive  outbreak  of   1904. 
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Tlic  Avaruing  sijinals  of  typhoid  oj)i(leinics  are  ]:»roljaljly  flying 
in  many  cities  to-day.  It  behooves  water-works  people  to  look 
for  them  and  when  discovered  to  take  those  measures  of  precau- 
tion which  alone  can  be  successful  in  averting  disaster.  It  is 
unnecessary  to  point  out  the  nature  of  the  precautions.  The 
conservation  of  the  purity  of  the  water  supply  by  the  sanitary 
protection  of  the  water-sheds,  and  the  purification  of  waters  of 
doubtful  (juality  by  means  of  filtration,  are  among  the  most 
firmly  established  measures  of  safety  which  experience  offers. 
That  such  work  must  be  done  in  the  best  possible  manner,  if 
done  at  all,  it  is  not  necessary  to  point  out  to  the  members  of  this 
association. 

Mr.  G.  C.  Whipple.*  The  remarks  of  Dr.  Soper  lead  me  to 
say  a  few  w^ords  in  corroboration  of  his  statement  that  epidemics 
of  typhoid  fever  are  often  preceded  by  distinct  warnings.  In 
the  paper  on  typhoid  fever  which  I  had  the  pleasure  of  reading 
before  this  association  last  winter  f  I  mentioned  the  case  of  a 
town  in  Elaine  where  the  use  of  a  polluted  water  at  the  time  of  a 
severe  fire  was  followed  by  an  epidemic  of  diarrhea.  No  atten- 
tion was  paid  to  this  warning,  and  a  few  months  later,  when  a 
second  fire  occurred,  thq  same  polluted  water  was  again  used,  and 
this  time  it  resulted  in  an  epidemic  of  typhoid  fever  which  gave 
rise  to  the  great  epidemic  of  typhoid  fever  which  occurred  in  the 
Penobscot  Valley. 

It  has  been  stated  that  ty]:)hoid  iexer  may  be  due  to  other  causes 
than  water.  It  is  well  known,  of  course,  that  typhoid  fever  is 
found  in  many  cities  and  towns  where  the  water  is  absolutely 
above  suspicion.  I  have  recently  had  occasion  to  tabulate,  for 
various  states,  the  typhoid  fever  death-rates  in  certain  cities  and 
towns  where  the  water  supply  was  taken  from  driven  wells. 
In  these  cases  I  found  that  the  rate  was,  in  general,  quite  low, 
much  lower  than  in  those  cities  and  towns  which  used  surface 
waters  liable  to  pollution.  It  was  interesting  to  notice  that 
of  the  cities  and  towns  which  used  ground  water  those  in  the 
northern  part  of  the   country  had  lower  typhoid  fever  death- 

*  Consulting  Engineer,  New  York  City. 

t  The  Kennebec  Valley  Typhoid  Fever  Epidemic  of  1902-3.  By  George  C.  Whipple  and 
Ernest  C.  Levy.     Journal,  .Tune,  190.5,  vol.  19,  )).  147. 
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rates  than  those  further 

south. 

This 

is  shown 

Ijy  the  following' 

figures  : 

Number 

of 

Number  of 

Average  Typhoid 

Cities  and  Towns 

Vear:^ 

Fever  Death-rale 

State. 

Averaged. 

Averaged. 

per  100,000. 

Maine 

2 

5 

6.4 

Massachusetts    .    .    . 

23 

5 

15.8 

Connecticut     .... 

4 

5 

9.5 

New  York 

13 

5 

24.7 

New  Jer.sey     .... 

10 

1 

20.5 

Pennsylvania      .    .    . 

5 

1 

31.8 

Ohio  ^ 

22 

5 

32.4 

It  is  a  well-lvucwn  fact,  shown  by  the  census  bulletins,  that 
typhoid  fever  is  much  more  abundant  in  tlie  South  than  in  the 
North,  and  it  is  interesting  to  notice  that  these  figures  correspond 
with  this  fact,  indicating  that  other  causes  than  water  sup]3ly  are 
more  operative  in  the  South  tlian  in  the  North. 

Mr.  Beiniis.  May  I  ask  Mr.  Whipple  w4iat  the  general  average 
death-rate  was  in  those  cities  whose  water  was  pure? 

Mr.  Whipple.  I  cannot  give  you  exact  figures,  but  my  recol- 
lection is  that  in  the  New  England  States  it  averaged  about  10  per 
100  000,  while  in  New  York  and  New  Jersey  it  was  nearer  20. 
A  little  farther  south  it  was  still  higher.  The  data  for  the  south- 
ern states  are  very  meager,  perhaps  at  an  average  figure  we  might 
take  15  per  100  000. 

Dr.  Mason.  It  must  be  carefully  borne  in  mind  that  the 
typhoid  death-rates  to  which  Mr.  Whijjple  has  referred  show 
the  ratio  of  deaths  to  numl^er  of  people  living,  both  well  and  ill. 
The  ra;tes  to  which  I  have  asked  attention  indicate  the  ratio  of 
severe  cases  of  the  disease  to  the  number  of  people  attacked,  — 
two  very  different  propositions. 
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TH1-:    .MUMCIPAL    WATER-SOFTEXIXG    l^LAXT    AT 
OBERLIX,    OPIIO. 

BY  W,   B.   GERKISH,  SUPERIXTKXDEXT  OBERLIX  AVATER  WORKS. 
[Read  September  14,  1903.'] 

Tlic  dweller  in  the  Xew  England  cities  uses  the  soft  water 
supplied  without  a  thought  that  any  city  is  furnished  with  any 
other.  True,  some  supplies  may  be  polluted,  but  when  that  is 
remedied,  his  anxiety  ceases. 

The  granite  hills  of  Xew  England  furnish  a  very  different 
supply  from  that  found  in  the  glacial  till  and  hmestone  forma- 
tion of  the  Middle  West.  Many  cities  in  this  region  furnish  their 
inhabitants  with  a  water  so  hard  that  there  is  a  lingering  doubt 
in  one's  mind  whether  the  sticky  scum  left  from  the  soap  is  not 
worse  than  the  dirt  the  soap  is  supposed  to  remove.  Burned- 
out  water  backs  and  lime-coated  crockery  are  other  inconven- 
iences, while  the  steam  user  and  laundryman  are  in  constant 
trou])le. 

It  was  a  common  remark  regarding  the  Oberlin  water,  that  it 
was  good  water,  if  it  were  only  not  so  hard. 

It  is  a  surface  water  from  an  agricultural  district  and  shows 
a  low  bacterial  content,  but,  like  all  surface  water  supplies,  it 
is  liable  to  specific  contamination.  The  water  was  so  hard,  how- 
ever, that  with  possibly  half  a  dozen  exceptions  each  family  Avas 
provided  wdth  a  rainwater  supply  in  addition  to  the  city  supply. 

The  writer  was  familiar  with  the  fact  that  thousands  of  indus- 
trial softening  plants  were  in  existence  and  the  query  arose,  why 
not  soften  the  municipal  supply?  Besides,  the  chemical  treat- 
ment of  water  dates  back  into  hoary  antiquity,  for  nearly  three 
thousand  years  ago  Elisha  sweetened  the  bitter  waters  of  Jericho 
by  treating  with  sodium  chloride.     (2  Kings  2:19-22.) 

The  situation  at  our  works  was  such  that  a  small  reservoir, 
constructed  when  the  works  were  built,  could  be  used  as  a  settling 
basin  and  the  water  could  be  delivered  to  it  without  extra  pump- 
ins. 
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While  studying  on  the  matter,  we  were  fortunate  enough  to 
meet  Mr.  C.  Arthur  Brown,  who  had  had  considerable  exi)erienee 
in  industrial  water  softening,  and  he.  assured  us  of  the  {)ractiea- 
l)ility  of  the  scheme.  The  matter  was  presented  to  the  water 
board  and  they  were  favorably  impressed. 

This  board,  by  the  way,  was  composed  of  unusual  men  to  hold 
such  a  position  in  public  affairs.  One  was  a  j^rofessor  of  natural 
science  and  one  was  a  professor  of  chemistry  in  the  college,  while 
the  third  was  to  be  common  pleas  judge.  Two  of  the  board  have 
died  within  a  year,  but  they  lived  long  enough  to  see  the  success- 
ful completion  of  the  work. 

Realizing  that  an  untried  field  of  water  treatment  was  Ijeing 
entered  upon,  every  point  was  carefully  examined.  Plans  from 
two  of  the  builders  of  industrial  softening  plants  were  sought, 
but  both  required  the  extra  pumping  of  the  water.  Both 
plans  were  rejected  for  this  reason  and  the  plan  submitted 
by  Mr.  Brown,  which  did  not  require  extra  pumping,  was 
adopted. 

The  small  reservoir,  shown  in  I'late  I  between  the  storage 
reservoir  and  the  pump  well,  and  having  its  water  level  some 
six  or  seven  feet  lower  than  the  water  in  the  storage  reservoir, 
was  cleaned  and  paved  with  brick.  It  was  also  divided  along  its 
minor  axis  by  a  concrete  wall,  making  two  settling  basins  of 
330  000  gallons  capacity  each,  the  average  daily  consumption 
being  one  half  that  amount. 

In  the  process  of  treatment,  the  raw  water,  to  which  the  chemi- 
cals have  been  added,  passes  through  a  mixing  box,  and  enters 
the  bottom  of  the  first  settling  basin.  It  is  then  drawn  from  the 
top  by  afloat  arm,  and  the  water  enters  the  bottom  of  the  second 
settling  basin.  It  is  again  drawn  from  the  top  and  enters  the 
pump  well.  It  is  then  pumped  to  the  standpi}:»e,  and  on  its  way 
down  passes  through  ordinary  sand  pressure  filters. 

Taking  up  the  various  j'arts  in  detail  we  have: 

Soda  Tanks.  Two  soda  mixing  tanks,  8  feet  high  by  4  feet 
in  diameter,  containing  mechanical  agitator  for  mixing  the  soda 
solution,  and  a  control  tank,  2  feet  high  b}-  3  feet  in'J'diameter, 
which  is  supplied  from  the  mixing  tanks  through'a'ball  cock  and 
then  delivers  the  soda  solution  at  a  imiform  rate. 
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Lime  Tank.  One  litno  tank.  14  feet  hiiili  by  10  feet  in  diameter, 
contaiiiiiifi'  a   mechanical  agitator. 

Both  lime  and  scxhi  tanks  are  of  Louisiana  cypress  and  were 
])urchase(l  of  the  Xew  \'<)rk  Continental  Jewell  Filtration  Company. 

Motor.  The  power  for  the  agitators  comes  from  a  Pelton  water 
motor.  The  water  u.sed  is  softened  water,  but  not  filtered,  and 
after  jiassing  the  motor  enters  the  bottom  of  the  lime  tank  and 
becomes  the  lime  water  for  treating. 

This  much  of  the  api)aratus  is  in  the  rear  part  of  the  })umping 
station. 

Mixhuj  Box.  This  box  is  2  b}''  2  feet  and  40  feet  long,  and 
contains  baffles.  It  is  made  of  open-hearth  steel.  It  is  buried 
under  ground  with  the  top  at  the  level  of  the  water  in  the  .settling 
basins  when  full  and  extends  from  the  boy  to  the  man  in  the 
picture.     It  is  water  tight  and  is  under  a  little  pressure. 

Behind  the  first  baffle  the  lime  water  is  admitted  and  behind 
the  second  baffle  the  soda  solution  enters. 

Distribution  Pipe.  The  chemically  charged  water  from  the 
mixing  box  enters  the  l)ottom  of  the  first  basin  through  an  8-inch 
galvanized  wrought-iron  pipe  40  feet  long  and  containing  a  row 
of  1-inch  holes  6  inches  apart. 

A  float  arm  draws  the  clearer  water  from  the  top  of  this  basin 
and  it  is  distriljuted  along  the  bottom  of  the  second  basin  through 
a  similar  pipe  containing  |-inch  holes. 

Filters.  The  lower  section,  40  feet,  of  our  standpipe  is  of  stone, 
as  shown  in  Plate  II,  and  in  this  are  two  7  by  7-foot  pressure  filters. 

Operation.  The  man  who  attends  to  the  water-works  grounds 
also  attends  to  the  treating.  p]very  three  hours  he  weighs  out 
the  amount  of  soda  required  for  a  three-hour  run  and  charges 
the  empty  soda  tank,  at  the  same  time  turning  on  to  the  control 
tank  the  soda  tank  previously  charged. 

Similarly,  he  weighs  out  and  slakes  the  amount  of  lime  recpiired 
and  runs  it  into  the  lime  tank.  This  does  not  give  a  water  of 
exactly  nnifonti  strength,  as  immediately  after  charging  the 
lime  water  is  somewhat  stronger  than  at  the  clo.se  of  the  three- 
hour  period,  but  the  difference  is  not  great. 

The  treating  is  done  in  from  six  to  nine  iiours  each  day. 

Water.    As  before  stated,  the  water  is  a  surface  water,  irathered 


Plate  I. 


Platk    11. 
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about  six  miles  from  town  and  coiiveypfl  in  a  vitrified  conduit 
^\•llich.  in  spite  of  careful  cementing,  leaks  water  in  dry  weather 
and  admits  ground  water  in  wet  weatlier.  The  soil  being  a 
glacial  till,  full  of  limestone  pebbles,  renders  the  water  very  hard. 
The  analysis  of  the  water  in  summer  and  winter  is  cpiite  dif- 
ferent, as  is  shown  in  the  following  determinations: 

Grains  per  U.  S.   Gai.lox. 

April  27,  Jan.   lo,        Laboratorv  Treatment 

1903.  1904.  of  Second  Sample. 

SiO, .41  .79  .12 

AbO^FeoOg .09  .15  .02 

CaCOg      7.1.5  13.69  1.07 

MgCOs .46  .50  1.40 

MgSO^ 4.14  9.85 

NaCl 1.17  1.33  1.30 

Na,S04 .57  11. .59 

Organic  and  volatile,  2.21  .18 

Alkalinity 8.16  14.30  2.70 

CO^   (free   and   .semi- 
combined)      ....  3.40  7.40 

Chemistry.  The  hardness  of  the  water  is  caused  by  the  rain 
water  dissolving  the  "  chemicals  ''  from  the  soil  upon  which  it 
falls.  These  chemicals  are  the  carbonates  and  sulphates  of  lime 
and  magnesium. 

The  process  of  softening  depends  first  on  the  principle  that 
carbonates  are  only  partially  soluble  except  in  the  presence  of 
free  COj,  and  second,  that  the  sulphate  of  magnesium  can  be 
decomposed  into  insoluble  calcium  carbonate  and  magnesium 
hydrate,  leaving  a  soluVjle  sodium  sulphate  which  does  not  harden 
the  water,  by  adding  sodium  carbonate  and  calcium  hydrate. 
The  "reaction  is  as  follows : 

mCCaCOg  +  CO,)  +  n(C02)  +  mn(CaO )  =  2mn(CaC().;) . 
MgC03  +  Ca((3H),  =  Mg(OH),  +  CaCO,. 
The  sulphates  react  as  follows: 

CaSO,  +  Na,C()3  =  Xa^SO^  +  CaCO.,. 

MgSO,  +  XaXOg  +  Ca(OH),  =  CaCOg  +  :\Ig(0H)2  +  Xa.SO,. 
And  thus  Epsom  salt  in  the  raw  water  is  changed  to  Cilauber  salt 
in  the  treated  water. 

To  the  po])ular  mind  it  seems  to  l)e  such  a  {laradox    that  we 
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should  fifhl  chemicals  to  the  Avater  and  have  less  chemicals  in  the 
water  at  the  last  than  at  the  first. 

HoweA'er  unbelieA'ing  they  may  be  as  to  the  theory,  the  results 
they  like. 

During  1904.  determinations  of  calcium  and  magnesium  were 
made  at  various  times  with  the  following  results: 


Grains  per  U.  S.  Gallon. 


Date  (1904). 

Water. 

CaCOj. 

MgCOa. 

CaS04. 

MgS04. 

Alkalinity. 

June  27 

Xatural 

10.14 

.68 

6.54 

10.95 

Softened 

2.03 

1.36 

.33 

3.65 

July  IS 

Xatural 

10.05 

.73 

7.53 

10.05 

Softened 

2.64 

..38 

.83 

3.10 

July  20 

Xatural 

9.95 

.55 

7.35 

9.95 

Softened 

2.95 

.79 

.84 

2.95 

July  26 

X'atural 

9..50 

.43 

6.96 

9.50 

Softened 

3.30 

.26 

.72 

3.30 

July  28 

Xatural 

9.20 

1.01 

6.87     * 

9.20 

Softened 

2.16 

2.13 

.57 

4.70 

Aug.    1 

X'atural 

10.30 

.99 

7.74 

10.30 

Softened 

2.78 

..54 

2.80 

Aug.    4 

Xatural 

9.45 

3.15 

8.10 

9.45 

Softened 

3.00 

.50 

.03 

3.60 

Aug.  11 

Xatural 

9.66 

.58 

7.29 

10.35 

Softened 

2.87 

.48 

3.55 

Aug.  16 

Xatural 

9.82 

.67 

7.08 

9.90 

Softened 

2.00 

.96 

3.15 

Aug.  23 

Xatural 

10.00 

.17 

7.65 

10.20 

Softened 

2.11 

.24 

1.54 

2.40 

Since  the  spring  of  1905,  with  a  better  knowledge  of  how  to 
control  the  treatment,  we  have  been  able  to  keep  the  alkalinity 
to  less  than  three  grains  per  gallon  most  of  the  time,  with  no 
permanent  hardness  as  determined  by  Hehner's  method. 

Control.  The  proportioning  of  the  chemicals  for  such  work 
is  a  matter  requiring  very  careful  attention,  for  there  is  no  pro- 
cess of  water  treatment  which  would  so  soon  become  a  byword 
and  a  hissing  as  the  softening  process  if  carelessly  operated. 

•The  soap  determination  is  unsatisfactory,  for  it  is  not  delicate 
enough  even  if  there  were  no  trouble  from  magnesium,  and  we 
find  it  impracticaVjle  to  remove  all  the  magnesium  without  leav- 
ing too  high  caustic  alkalinitv. 
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Xeither  is  the  control  with  dilute  silver  nitrate  sutliciently  tleli- 
cate.  In  ordinary  industrial  work,  if  the  water  should  become 
so  alkaline  as  to  give  a  brown  color  with  silver  nitrate  the  worst 
feature  would  l)e  the  loss  of  chemicals,  l)ut  if  the  superintendent 
of  a  municipal  plant  should  furnish  such  water  it  would  mean 
the  loss  of  his  official  head. 

The  water  should  never  be  allowed  to  give  even  a  straw  color 
with  silver  nitrate.  But  from  a  straw^  color  through  a  very  slight 
cloudiness  to  white  is  a  long  range. 

The  most  satisfactory  control  for  our  particular  water  is  to 
titrate  the  treated  water  taken  from  the  center  of  the  distribu- 
tion system  with  XoOHjSC.)^,  using  phenolphthalein  first  as  an 
indicator  and  then  methyl  orange,  and  the  ideal  treatment  gives 
the  following  results,  using  58.38  cc.  of  the  water,  or  a  miniature 
United  States  gallon. 

1.8  +  0.8  =  2.6  total  alkahnity,  jirovided  the  soda  treatment  is 
adjusted  to  give  no  permanent  hardness. 

If  the  results  are 

(1.8— )  +  (0.8  +  ),  then  too  little  lime  is  used. 
(1.8  +  ) +  (0.8 — ),  then  too  much  lime  is  used. 

The  above  is  entirely  empirical. 

At  the  same  time  that  the  lime  is  being  adjusted,  the  soda  is 
controlled  by  Helmer's  method  as  follows: 

Take  58.38  cc.  of  the  water  and  add  X50Na2CO3  in  excess. 
Evaporate  to  dryness.  Wash  w-ith  boiling  water  and  filter. 
When  cold,  titrate  as  before,  using  methyl  orange  as  an  indicator. 

If  the  amount  titrated  back  is  less  than  the  alkali  added,  the 
difference  indicates  the  amount  used  in  precipitating  the  calcium 
and  magnesium,  which  produced  permanent  hardness.  If  the 
amount  titrated  back  is  greater  than  the  amount  of  alkali  added, 
then  it  indicates  that  the  water  contains  alkali  carbonates  which 
have  been  reckoned  as  alkalinity,  or  in  other  words,  too  much 
soda  has  been  added. 

Lime.  The  Ohio  limes  are  high  in  magnesium  and  contain 
only  50  per  cent,  of  CaO,  so  that  they  are  not  adapted  to  this  use. 
We  get  a  lime  from  the  Mississippi  River  containing  about  90 
per  cent.  CaO.  and  by  buying  it  in  bulk,  get  it  at  the  same  price 
as  the  Ohio  lime  in  barrels. 


428 


WATKR-SOFTEXIXG  PLANT,  OBERLIX.  OHIO. 


Soda.    In  the  j)urcli:ise  of  soda  there  is  little  choice. 

The  niaxinuun  amount  of  lime  used  the  past  year  was  17  grains  per 
gallon  of  water  and  the  niininuim  was  6  grains,  while  the  maximum 
of  soda  was  6  grains  and  the  mininuim  was  2  grains  per  gallon. 

Bacteriology.  While  we  had  a  water  supply  that  had  never 
been  suspected  of  causing  a  case  of  sickness,  still  it  was  liable  to 
specific  contamination.  It  was  the  desire  of  the  board  to  provide, 
if  possible,  against  such  a  possibility. 

When  a  coagulant  like  alum  or  lime  and  copperas  is  used  it  is 
the  idea  tiiat  the  precipitate  formed  \\ill  entangle  the  bacteria 
and  carry  them  down.  It  will  at  once  be  seen  that  if  the  small 
precipitate  formed  by  these  chemicals  will  ])e  so  effective,  how 
much  more  effective  must  be  the  hea\y  precipitate  formed  by 
the  lime  and  soda  ash. 

By  the  accompanying  tal)le  it  will  he  seen  that  90  per  cent,  of 
the  bacteria  are  removed  in  the  first  basin,  while  the  water  deliv- 
ered to  the  village  contains  less  than  5  bacteria  per  cubic  centi- 
meter —  a  result  not  attained  elsewhere  to  my  knowledge. 

Report  of  G.  R.  Pattox  of  Bacteria  Fouxd  per    Cubic  Centimeter. 

Colon   Bacilli. 


Date 
(1904). 

Storage 
Reservoir. 

First 
Basin. 

Second 
Basin. 

Hydrant 
Water. 

Hydrant 
Water. 

Storage 
Res'voir. 

Hydr! 
Wate 

Nov. 

,28 

440 

50 

10 

4 

6 

» 

29 

800 

60 

30 

6 

0 

,, 

30 

300 

50 

37 

12 

6 

Dec. 

1 

320 

50 

20 

16 

17 

,, 

2 

160 

30 

20 

4 

7 

Yes 

Xo 

)j 

5 

300 

25 

12 

6 

5 

!> 

6 

350 

12 

2 

4 

2 

Yes 

No 

>) 

7 

Error 

45 

7 

1 

2 

,, 

8 

300 

1.56 

6 

1 

3 

>) 

9 

300 

11 

11 

5 

5 

Yes 

Xo 

,, 

12 

Lost 

20 

5 

1 

4 

>> 

13 

250 

20 

10 

6 

6 

Yes 

No 

,, 

14 

500 

12 

10 

1 

0 

Yes 

Xo 

,, 

15 

400 

10 

7 

1 

4 

" 

IG 
■age, 

400 
370.76 

10 

4 

0 

2 

Aver 

37.40 

12.73 

4.53 

4.60 

Per  cent. 

reduction, 

89.91 

96.56 

98.78 

98.75 

Found  by  E.  G.  Horton,  of  State  Board; 
Aug.  18  492  33 


Yes        X'o 
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In  the  spring  the  bacterial  content  of  tlie  raw  water  rises  to 
several  thousand  per  cubic  centimeter,  but  the  filtered  water 
shows  almost  as  good  results  as  in  the  above  table. 

Troublcft.  But  does  not  the  water  taste  badly?  Well,  if  there 
was  ever  a  case  where  the  popular  imagination  ran  riot  it  was 
in  the  chemical  treatment  of  water.  When  the  treatment  began, 
there  was  hardly  an  imaginable  taste  not  detected,  and  sickness 
of  every  description  was  attributed  to  it.  Time  has  wrought 
wonders  in  the  public  palate,  which  has  now  become  accustomed 
to  the  absence  of  the  chemical  substances  formerly  in  the  water. 
There  is  still  an  occasional  rumble  from  the  first  storm,  but  the 
general  opinion  is  one  of  high  appreciation.  Rain  w^ater  supplies 
are  being  rapidly  abandoned,  and  there  is  a  decided  increase  in 
our  receipts  —  in  fact,  an  increase  much  more  than  the  increase 
in  the  cost  of  the  operating  expenses. 

The  holes  in  the  distribution  pipe  in  the  bottom  of  the  first 
basin  become  filled  with  a  hard  formation  of  lime  which  needs 
to  be  poked  out  eveiy  week.  In  six  weeks  the  holes  will  become 
entirely  filled. 

The  holes  in  the  distribution  pipe  in  the  second  basin  will  l^e 
filled  in  as  many  months. 

This  tendency  of  the  treated  water  to  form  deposits,  especially 
where  there  is  a  constriction  and  consecjuent  rapid  flow,  is  the 
one  thing  about  the  process  to  cau.se  anxiety.  Our  treatment 
was  started  December  28.  1903,  and  has  been  continuous  ever 
since  except  the  month  of  ^larch,  1904.  when  some  uncompleted 
work  was  finished.  In  October,  1904.  the  mixing  box  was  opened 
and  there  w^as  a  soft  deposit  on  the  sides  from  J  to  1  inch  in  thick- 
ness, and  in  contact  with  the  steel  a  very  hard  deposit  about  j^ 
inch  thick.  Whether  this  hard  deposit  will  increase  or  whether 
the  soft  deposit  will  wash  off  with  the  flow',  time  will  tell.*  The 
distriljution  pipe  in  the  first  basin  and  the  vitrified  pipe  connect- 
ing it  with  the  mixing  box  have  been  cleaned  several  times  of  an 
inch  or  more  of  a  hard  deposit.  The  sides  of  the  basin,  whetl.er 
of  stone,  brick,  or  concrete,  show  no  incrustation,  while  the  float 

*  On  September  21,  1905,  the  mixing  box  was  again  opened.  Sufficient  deposit  of  lime 
was  found  at  the  ends  of  the  baffles  and  at  the  outlet  to  nearly  cut  ofif  the  flow.  We  may 
therefore,  expect  to  clean  the  mixing  box  once  a  year. 
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and  float  arm  of  galvanized  iron  show  a  hard  deposit  an  eighth  of 
an  incli  thick.  Closing  the  gate  between  the  two  basins  requires 
considerable  work.  There  is  very  little  trouble  in  the  second 
basin.  After  over  a  year's  use  the  pump  cylinders  were  opened 
and  we  found  them  beautifully  white,  but  no  appreciable  deposit. 

The  precipitate  in  the  first  basin  amounts  to  about  a  foot  a  month, 
while  in  the  second  basin  only  about  4  inches  accumulated  in  twent}' 
months.     This  precipitate  is  emptied  in  a  creek  by  gravity. 

Ijoon  the  sand  of  the  filter  there  forms  a  coating  of  the  carbon- 
ate of  calcium  and  magnesium,  so  that  after  fourteen  months'  use 
the  effective  size  changed  from  .37  mm.  to  .55  mm.  and  the  uni- 
formity coefficient  from  1.62  to  2.0.  This  makes  *  of  the  bulk 
carbonate  and  }  sand.  The  bulk  of  the  sand  of  the  filters  has 
been  increased  so  that  is  was  impossible  to  operate  the  rakes, and 
a  foot  of  sand  has  been  removed  from  the  filters.  In  time  the 
sand  will  have  to  be  cleaned  or  new  sand  put  in. 

The  filters  are  washed  twice  each  week  by  reversing  the  current 
and  stirring  with  rakes  operated  by  hand  power.  Often  there 
is  no  loss  of  head  before  washing,  ])ut  sometimes  there  is  a  loss 
of  two  feet.  When  dirty  it  takes  four  minutes  to  wash  a  filter,  and 
recjuires  about  2  000  gallons  of  water. 

There  is  no  "  after  precipitation  "  noticed  except  in  two  cases 
where  the  water  is  warm  and  allowed  to  stand  in  that  condition 
for  a  long  time. 

A  careful  watch  is  being  kept  on  the  meters  to  see  if  a  deposit 
of  the  carbonate  of  lime  forms  on  the  inside.  In  no  case  thus 
far  has  the  writer  l^een  satisfied  that  any  harm  has  been  done. 
If  there  should  be  troul)le  it  could  be  easily  remedied  by  putting 
enough  CO,  into  the  water  to  fix  the  carbonates,  as  is  usually 
done  where  lime  only  is  used  for  softening. 

A  curious  phenomenon  has  been  noticed  in  the  hardness  of 
the  raw  water  in  the  spring.  After  the  first  decidedly  warm 
days  came  in  April,  when  no  water  was  being  admitted  to  the 
storage  reservoir,  in  four  days  the  water  changed  in  alkalinity  in 
the  ratio  of  31  to  18,  and  a  few  days  afterward  the  permanent 
hardness  changed  as  much  and  as  suddenly.  The  semi-annual 
"  overturn  "  is  the  only  explanation  we  can  offer. 

Reuwrks.     There  seems  to    be  c^uite  a  disposition  on  the  part 
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of  manufacturers  of  softening  machines  to  show  how  quickly 
the  water  passes  through  and  how  httle  tankage  is  required. 
The  writer's  o])servation  has  led  him  to  the  conclusion  that,  for 
our  water  at  least,  the  softening  process  is  one  requiring  consider- 
able time.  As  before  noted,  each  settling  basin  contains  twice 
the  amount  of  a  day's  consumption,  but  at  the  time  the  follow- 
ing samples  were  taken  (August  23,  1905)  the  consumption  was 
only  one  third  of  the  capacity  of  each  basin. 

Grains  per  U.  S.  Gallons. 


Sample. 
Raw  water      .    .    . 

Alkalinity  w 
Phenol. 

ith 

Alkalinity  with 
Methyl 
Orange. 

Total 
Alkalinity 

12.0 

Basin  No.  1     .    .    . 

3.3 

3.2 

6.0 

Basin  No.  2    .    .    . 

3.0 

2.1 

5.1 

Past  filters      .    .    . 

1.9 

0.8 

2.7 

Center  of  system    . 

1.7 

0.8 

2.5 

This  series  of  determinations  shows  the  improvement  of  the 
water  by  standing  and  also  the  effective  work  of  the  filters. 

When  we  are  using  more  water  there  is  always  an  improvement 
of  .5  or  .6  grain  of  alkalinity  per  gallon  between  the  water  as  it 
passes  the  filters  and  the  center  of  the  distribution  system,  instead 
of  only  .2  as  here  shown.  We  should  therefore  conclude  that  to 
reach  the  best  results  there  should  be  about  six  days  of  sedimen- 
tation before   filtering. 

The  action  of  the  soda  seems  to  take  place  entire!}'  in  the  first 
basin,  as  a  sample  from  there  shows  the  same  results  when  tested 
for  permanent  hardness  as  one  taken  from  the  center  of  the  dis- 
tribution system. 

The  query  which  rises  in  the  mind  of  every  water-works  man- 
ager is,  Does  not  the  process  cost  too  much  to  be  practicable? 
In  a  system  that  requires  3'ou  to  i^our  four  gallons  into  the  bung 
to  draw  one  at  the  spigot  there  is  no  question  that  it  would  be 
financially  ruinous,  but  in  a  system  that  can  account  for  one  half 
or  more  of  the  water  pumped  it  certainly  is  practicable.  For 
water  such  as  ours  the  chemicals  cost  one  cent  per  thousand 
gallons  delivered,  while  lal)or,  interest,  and  depreciation  will 
probably  add  a  cent  and  a  half  more,  making  the  cost  of  softening 
the  water  delivered  to  the  pumps  2h  cents  per  thousand  gallons. 


432  WATKR-SOFTEXIXG   PLANT.  OBKHLIX,  OHIO. 

The  cost  can  be  l)vit  very  little  reduced  from  this.no  matter  how 
much  water  is  treated. 

If  half  of  this  is  delivered  tiirough  the  meters  it  would  add  to 
the  present  cost  in  any  such  system  five  cents  per  thousand  gallons 
—  a  sum  which  any  community  can  afford  to  pa}'  for  water  of 
such  a  quality.  In  our  own  system,  by  shutting  off  the  sewer 
flush  tanks  and  hor.se  troughs,  the  use  and  consumption  between 
10  p.-M.  and  4  a.m.  is  only  500  gallons  per  hour,  with  10  miles  of 
mains  and  900  tixp^,  but  we  are  not  able  to  account  for  as  high 
a  percentage  of  the  total  amount  pumped  as  we  would  like. 
Every  water-closet  in  town  is  metered,  even  in  schoolhouses  and 
other  institutions  having  free  water.  The  result  is  that  80  per 
cent,  of  all  taps  in  use  are  metered. 

To  a  town  which  is  obliged  to  purify  its  sewage  there  is  an 
additional  advantage  in  the  use  of  the  softening  process.  As  has 
been  noted,  the  water  is  in  general  alkaline  to  phenol  to  the  extent 
of  about  2  grains  per  gallon.  For  precipitation  with  copperas  it 
is  necessary  to  have  the  water  alkaline.  During  two  summers 
now  we  have  used  copperas  for  precipitating  the  sewage  and  have 
gotten  very  satisfactory  results.  The  sewage  farm  has  been 
entirely  free  from  odors  and  the  effluent  which  enters  what  is 
practically  a  dry  run  causes  no  nuisance.  It  was  found,  how- 
ever, that  the  water  in  changing  to  sewage  absorbed  enough  COj 
to  become  neutral  and  it  is  necessary  to  add  some  lime. 

The  use  of  the  softened  water  has  been  entirely  satisfactory 
in  house  acjuariums  and  the  goldfish  have  done  well  in  it,  as  is 
not  the  case  sometimes  when  other  coagulants  are  used.  In 
blowing  dead  ends  it  is  found  that  there  is  no  odor  to  the  water. 

The  possibilities  of  the  lime-soda  process  for  municipal  use 
seem  to  be  little  appreciated  as  yet,  but  the  time  will  doubtless 
come  when  it  will  be  the  means  of  solving  some  of  the  vexing 
problems  of  water  su|)jily  in  the  middle  West. 

DISCU.SSIOX. 

Mr.  Kexxeth  Allen.  I  should  like  to  ask  what  the  capacity 
of  the  plant  is  and  what  it  costs. 

Mr.  Gerrish.  Our  consumption  averages  165  000  gallons, 
and  tlie  cost  was  about  $12  000. 
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Dr.  Frederick  S.  Hollis.*  I  tliiiik  we  arc  csixx-ially  iiulebUnl 
to  Mr.  Cerrish  for  tlie  description  whieli  he  has  given  ns  of  tlie 
water-softening  plant  at  Oberlin.  We  who  live  in  New  Eng- 
land can  have  little  conception  of  the  inconvenience  of  having 
a  supply  of  water  as  hard  as  that  of  some  of  the  towns  of  the 
middle  West.  Our  trans-continental  lines  have  been  foremost, 
perhaps,  in  erecting  softening  jDlants  for  the  purpose  of  prevent- 
ing scale  from  forming  in  their  lioilers,  and  many  of  our  industrial 
plants,  especially  where  dyeing  is  carried  on,  are  obliged  to  soften 
the  water  which  they  use  because  the  lime  salts  will  in  many 
cases  give  a  different  color  with  the  dye  from  that  which  is  desired, 
and  sometimes  they  will  change  the  texture  of  the  fabric  some- 
what; but  1  do  not  recall  any  other  such  plants  in  connection 
vdth  domestic  supplies. 

The  inconvenience  of  having  a  domestic  sup])ly  so  hard  as  it 
is  in  some  of  the  western  states  is  largely  because  of  the  power 
of  such  water  to  combine  with  soap.  The  expense  of  softening 
the  water  per  1  000  gallons  has  been  given,  and  I  should  think 
that  would  proljably  be  more  than  saved  to  tlie  community  in  the 
saving  in  soap  necessary  for  washing  and  domestic  use.  Then 
another  thing  I  have  noticed,  especially  in  Ohio,  where  I  first  had 
experience  of  this  kind,  was  that  in  order  to  soften  this  water  for 
domestic  use,  with  as  little  soap  as  possible,  a  soap  that  was 
extremely  strong,  that  is  rich  in  alkali,  was  used.  I  well  remem- 
ber what  disastrous  effect  such  soap  had  on  the  skin,  and  I  can 
imagine  what  its  continuous  use  must  be  on  the  fabric  of  clothing. 

In  New  England  the  water  in  most  of  our  city  supplies  is  only 
moderately  hard.  In  the  Connecticut  valley,  —  and  by  the  Connec- 
ticut valley  I  mean  the  line  of  the  old  Jura-Trias  valley  bounded  by 
the  sandstone  formation,  —  some  of  the  ground  water  is  extremely 
hard,  but  most  of  our  supplies  are  not  of  the  nature  described  by 
^Ir.  Gerrish,  and  we  do  not  realize  the  importance  of  the  problem 
until  we  go  outside  of  New  England. 

^Ir.  G.  C.  Whipple.!  I  am  extremely  glad  that  Mr.  Gerrish 
has  presented  this  paper,  for  the  plant  at  C)berlin  was  the  first 
municipal  water-softening  plant  erected  in  the    United  States, 

*  New  Haven.  Conn. 
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although  the  one  at  Winnipeg,  ('ana  la.  antedate.s  it.  We  are 
certainly  very  fortunate  in  having  .such  a  complete  description 
from  the  superintemlent. 

There  is  one  point  that  Mr.  Gerrish  mentioned  wiiich  interested 
me  considerably,  namely,  tiie  time  element  which  enters  into  the 
chemical  reactions  involved  in  the  softening  of  water.  Mr.  Ger- 
rish rightly  says  that  these  reactions  do  not  take  place  instan- 
taneously, but  require  a  certain  amount  of  time.  It  is  due  to  the 
slowness  of  these  reactions  that  "  after  deposits  "  of  calcium  car- 
bonate occur  in  the  pipes  and  filters.  These  "  after  deposits  "  are 
often  very  troublesome.  \'ou  will  recall  that  when  lime  is  added 
to  water  it  acts  on  the  calcium  bicarbonate,  changing  it  to  cal- 
cium carbonate,  and  on  the  magnesium  bicarbonate,  changing  it  to 
magnesium  hydroxide.  Experiments  which  I  have  madeTecently 
have  shown  that  the  magnesium  reaction  takes  place  very  much 
more  rapidly  than  that  of  calcium,  and  it  is  for  this  reason  that 
most  of  the  "  after  deposits  "  are  composed  almost  entirely  of 
calcium  carbonate  and  contain  alniost  no  magnesia.  While  it  is 
true  that  most  of  the  precipitate  settles  in  about  six  hours,  it  takes 
several  days  for  the  final  reaction  to  be  complete.  An  examina- 
tion of  several  plants  which  differ  considerably  in  the  time  allowed 
for  the  chemical  reaction  shows  that  practice  follows  theory  in 
this  matter.  Those  plants  providing  for  only  a  few  hours'  sedi- 
mentation do  not  give  as  good  efliciencies  as  those  where  greater 
time  is  allowed.  In  the  plant  at  Oberlin  the  final  alkalinity  is  often 
as  low  as  30  parts  per  million.  At  Winnipeg,  where  the  time  for 
chemical  reaction  is  less  than  two  hours,  the  resulting  alkalinity 
is  about  SO  parts  per  million.  Other  plants,  intermediate  between 
these  two,  give  intermediate  results. 

The  "  after  deposits  "  which  take  place  on  the  sand  grains  of 
the  filter  and  in  the  distribution  pipes  may  be  prevented  by  what 
is  called  "  recarbonation,"  that  is,  the  artificial  addition  of  car- 
bonic acid.  This  unites  with  the  normal  calcium  carbonate  and 
the  magnesium  hydroxide  and  cau.ses  them  to  be  changed  to 
bicarbonates  which  are  soluble.  In  industrial  water-softening 
])lants  recarbonation  is  seldom  practiced,  but  if  municipal  water- 
softening  plants  are  to  develop,  as  seems  likely,  this  matter  must 
receive  verv  careful  attention. 
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'Shi.  RouKRT  S.  Westox.*  Sucli  papers  as  this  excellent  one 
by  Mr.  Gerrish  are  most  tiineh'.  Very  little  has  been  said  in  this 
country  concerning  the  softening  of  municipal  water  supplies. 
There  are  many  cities  in  the  country  in  which  there  is  such  a 
waste  of  soap  that  if  opportunity  could  be  given  in  those  cities  for 
the  writing  of  such  a  descriptive  paper  as  this,  a  great  step  in 
municipal  economy  would  have  been  taken. 

Referring  to  the  point  which  ?Jr.  Whipple  has  spoken  of,  namely, 
the  period  of  sedimentation  thought  necessaiy  to  j^roduce  satis- 
factory results,  one  naturally  asks  if  the  same  effect  could  not  be 
produced  by  active  mixing  or  stirring,  or  by  some  other  similar 
procedure.  It  might  be  cheaper  to  do  the  work  in  this  way  than 
by  a  long  period  of  storage  in  subsiding  basins,  where  mixing  must 
be  by  diffusion,  although  it  must  be  recognized  that  even  under 
the  most  favorable  conditions  the  action  between  the  added 
chemicals  and  the  salts  in  the  water  is  not  an  instantaneous  one, 
but  one  rec^uiring  considerable  time. 

The  speaker  would  like  to  ask  i\Ir.  Gerrish  if  the  precipitation 
in  the  plant  at  Oberlin  is  so  complete  as  to  prevent  practically  the 
after-precipitation  of  lime  salts  in  the  underdrains  of  the  filters. 
This  is  mentioned  because  a  similar  difficulty  has  been  met  with 
in  Europe  in  a  good  many  cases,  probably  because  the  process 
has  been  hastened  unduly  by  not  providing  such  ample  storage 
as  has  been  arranged  at  (Jberlin.  In  these  cases  the  water  is  not 
adeciuately  treated;  the  filters  become  incrusted  with  salts  of 
lime,  clog,  and  are  condemned;  whereas,  were  ample  provision 
made  for  remo^'al  of  the  precipitate  the  plants  would  probably 
be  entirely  successful.  The  speaker  remembers,  for  example, 
that  at  Canterbury,  England,  where  less  than  six  hours'  treat- 
ment is  provided  for,  the  after-precipitation  of  lime  frec|uently 
causes  annoyance,  especially  at  times  of  unusual  draft  upon  the 
supply. 

Mr.  Gerrish.  I  will  say  that  this  matter  of  how  much  time 
would  be  recpiired  did  not  come  to  my  notice  until  the  month  of 
August.  A  great  many  of  our  people  move  out  of  town  during 
that  month,  and  our  consumption  is  very  light  then,  so  we  had 
an  opportunity  to  give  the  water  about  six  days  of  precipitation, 
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and  by  that  means,  as  I  said,  I  very  seldom  got  any  decrease  in 
alkalinity  between  the  filters  and  the  taps  in  the  middle  of  the 
city,  whereas  previous  to  that  I  always  got  a  difference  of  .5  or  .6 
of  a  grain.  From  that  I  concluded  that  six  days  in  the  case  of 
our  water  would  be  the  maximum  time  required  for  complete 
precipitation.  If  ayc  could  give  the  water  six  days'  precipitation 
all  the  time,  I  don't  lielieve  we  would  have  any  trouble  with  the 
filter,  for  then  there  would  be  no  change  in  the  water  after  it  left 
the  filter. 

I  would  say,  in  regard  to  plants  of  this  kind,  that  the  })lant  at 
Winnipeg  uses  lime  only;  there  is  a  plant  at  Freeport,  111.,  for 
taking  out  iron,  which  uses  lime  only.  So  far  as  I  can  find  out, 
the  Oberhn  plant  is  the  first  plant,  either  in  this  country  or  abroad, 
for  a  municipal  supply  using  lime  and  soda. 

]\Ir.  Weston.  I  should  like  to  ask  Mr.  Gerrish  one  more  ques- 
tion. Has  there  been  any  great  decrease  in  the  amount  of  soap 
used  in  the  town?  Have  the  grocers  commented  on  it,  for  example? 

j\Ir.  Gerrish.  I  went  into  one  grocer}^  store  and  made  that 
inquiry,  and  they  seemed  so  entirely  at  sea  as  to  what  I  meant 
Avhen  I  asked  the  question  that  I  really  lost  heart  about  getting 
any  data  of  that  kind.  I  may  say  that  in  my  own  family  I  have 
noticed  a  very  decided  improvement  in  that  regard. 
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BY   H.    K.    BARROWS,    DISTRICT    HYDROGRAPHER,   UNITED    STATES 

GEOLOGICAL   SURVEY,   BOSTON,   MASS. 

[Read  September  IS,  1903.'] 

The  object  of  this  paper  is  to  discuss  some  of  the  features  of 
estimating  river  flow  in  the  New  England  states  as  now  being 
carried  on  by  the  Hydrographic  Branch  of  the  United  States 
Geological  Survey,  and,  in  general,  to  better  acquaint  the  members 
of  this  association  with  the  nature  of  the  work  that  is  being  done 
by  this  bureau  of  governmental  service. 

The  United  States  Geological  Survey  has  been  in  existence  since 
1879,  as  one  of  the  branches  of  the  Department  of  the  Interior. 
Its  work  has  covered  a  broader  field  than  that  of  geology  ever 
since  the  beginning,  and  in  some  respects  its  name  is  therefore 
misleading.  The  Geological  Survey  has  five  subdivisions,  as 
shown  by  the  following  table: 


Adininistrative. 


Geologic. 


Topographic. 


Hydrograpliic. 


(  Ex. 

-<  Dis 


Publication. 


Executive. 

_-  isbursements  and  accounts. 
(  Library. 
{  Geologj'. 

j  Alaskan  mineral  resources. 
J  Alining  and  mineral  resources. 
V  Chemical  and  physical  researches, 
j  Topography, 
i  Geography  and  forestry. 

Districts;  (1)  New  England,  (2)  Xew  York 
and  Great  Lakes,  (3)  Middle  Atlantic 
Hydrography.  (  States,  (4)  Southern  States,  (5)  Central 
States,  (6)  Texas,  (7)  Western  States  with 
numerous  subdivisions. 

Hydrology. 
Hydro-economics . 
Reclamation  service. 

C  Editorial. 

}  Engraving  and  printinc 

I  Documents. 
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Perhaps  the  one  which  has  been  best  known  to  enjiineers  in  the 
past  is  the  Topographic  Branch,  which  will  eventually  complete 
a  topographic  map  of  the  United  States.  This  work  is  proceed- 
ing slowly,  and,  at  the  present  time,  perhaps  about  one  third 
of  the  whole  country  is  thus  mapped.  The  Hydrographic 
Branch  has  been  a  distinct  feature  of  the  Survey  since  1888,  and 
now  consists  of  several  subdivisions,  as  shown,  at  the  present 
time  it  being  one  of  the  most  important  divisions  of  the  Survey. 

It  is  interesting  to  note  the  growth  of  the  Geological  Survey  as 
shown  by  appropriations.  Thus,  the  first  appropriation  in  1S79 
was  $106  000;  while  for  the  last  fiscal  year  something  over  a  mil- 
lion and  a  half  dollars  were  appropriated  —  the  larger  items 
being  as  shown  in  the  following  list: 

Topography      $300  000 

Geology     ." 150000 

Alaska 60  000 

Hydrography 200  000 

Chemical  and  physical  researches     ....  20  000 

Mineral  resources 50  000 

Engraving  and  printing  maps 100  000 

Surveying  forest  reserves 130  000 

The  chief  work  of  the  Hydrographic  Branch  has  been  that  of 
estimating  river  flow,  and,  in  general,  investigating  the  water 
supply  of  the  country- .  For  many  years  all  of  the  work  of  this 
branch  was  carried  on  in  the  West  and  only  recently  were  begun  the 
systematic  measurements  of  river  flow  east  of  the  Mississippi 
River. 

The  first  work  of  this  kind  in  New  England  dates  back  to  1900, 
when  a  gaging  station  was  established  upon  the  Connecticut 
River  at  Orford,  N.  H.,  this  being  still  in  operation  at  the  present 
time.  At  about  the  same  time  another  station  was  established 
on  the  Housatonic  River  at  Gaylordsville,  Conn.  These  stations 
were  established  with  the  idea  of  getting  some  general  information 
on  the  subject  of  river  flow  in  this  vicinity.  The  first  s}'stematic 
measurements  on  a  considerable  scale  began  in  1901  in  the  state 
of  ]\Iaihe,  and  Avere  made  possible  through  the  cooperation  of 
private  parties.  This  was  in  the  Kennebec  River  valley,  where 
a  number  of  the  water-power  users  and  lumbermen  desired  to  ob- 
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tain  some  reliable  figures  of  ficnv  of  the  riA-er  and  its  trilnitaries, 
and,  in  genera),  such  information  as  would  l)e  of  use  in  developing 
and  maintaining  water  powers.  This  work  was  done  by  the 
United  States  Geological  Survey  in  cooperation  with  these  private 
parties,  and.  as  government  funds  became  available,  in  the  course 
of  the  next  year  measurements  were  started  on  some  of  the  other 
important  rivers  of  the  state.  The  state,  too.  at  the  next  session 
of  the  legislature,  recognized  the  value  of  the  work  by  making  an 
annual  appropriation  for  hydrography,  which  has  been  continueti 
up  to  the  ]:)resent  time,  and  largely  increased  during  the  past 
year.  In  1903  the  United  States  appropriation  became  sufficient 
to  permit  of  this  stream  work  being  extended  to  the  other  New 
England  states,  and  this  was  first  done  in  the  states  of  New  Hamp- 
shire and  Vermont.  About  this  time  New  Hampshire  became 
interested  in  the  hydrography  of  the  White  Mountain  region  in 
connection  with  the  investigations  of  the  State  Forestry  Com- 
mission, and  a  state  appropriation  was  made,  and  cooperative 
work  begun  with  the  Geological  Survey  in  a  study  of  river  flow 
in  the  White  [Mountains,  particularly  with  regard  to  the  effect  of 
deforestation  upon  run-ofT.  This  work  is  still  going  on,  and  it  is 
hoped  that  some  definite  results  Avill,  in  time,  be  obtained,  although, 
of  course,  such  a  problem  is  not  one  capable  of  an  immediate  solu- 
tion. In  the  lower  New  England  states  the  work  of  stream  meas- 
urement dates  back  to  the  spring  of  1904.  The  present  location 
of  stations  maintained  by  the  Geological  Survey  is  shown  in  the 
following  table: 

Maine. 

Date  Established. 

Fish  River  at  Wallagrass July  29,  1903 

Aroostook  River  at  Fort  Fairfield      July  31,  1903 

St.  Croix  River  at  Sprague's  Falls,  Baring    ....  Dec.  4,  1902 

Machias  River  at  Whitney ville Oct.  17,  1903 

Penobscot  River  at  West  Enfield Nov.  ,5,  1901 

East  Branch,  Penobscot  River,  at  Grindstone      .    .  Oct.  23,  1902 

Mattawamkeag  RiA-er  at  Mattawamkeag \ug.  26,  1902 

Piscataquis  River  at  Foxcroft Aug.  17,  1902 

Cold  Stream  at  Enfield June  14,  1904 

Phillips  Lake  Outlet,  Holden       July  7,  1904 

Phillips  Lake  Outlet,  Dedham July  19,  1904 

Kennebec  River  at  The  Forks Sept.  28,  1901 
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Date  Established. 

Kennebec  River  at  North  .\nson    .........  Oct.    18,  1901 

Moose  River  near  Rock  wood       Sept.     7,  1902 

Roach  River  at  Roach  River      Nov.  10,  1901 

Dead  River  near  The  Forks Sept.  29,  1901 

Carrabassett  River  at  North  Anson Oct.    19,  1901 

Sandy  River  near  Madison      Mar.   23,  1904 

Messalonskee  River  at  Waterville  ........  June  18,  1903 

Androscoggin  River  at  Dixfield       Aug.   22,  1902 

New  Hampshire. 

Androscoggin  River  at  Sheiburne Ma}^    30,  1903 

Saco  River  at  Center  Conway Aug.  26,  1903 

Merrimac  River  at  FrankUn  Junction July      8,  1903 

Pemigewasset  River  at  Plymouth Sept.    5,  1903 

Contoocook  River  at  West  Hopkinton July      9,  1903 

Connecticut  River  at  Orford Aug.     6,  1900 

Israel    RiAer    (above    South    Branch),    Jefferson 

Highlands Sept.    2,  1903 

Israel    River    (below    South     Branch),     Jefferson 

Highlands Sept.    2,  1903 

Ammonoosuc  River  at   Bretton  AVoods Aug.  28,  1903 

Zealand  River  at  Twin  Mountain Aug.  29,  1903 

Vermont. 

Otter  Creek  at  Middlebury      Apr.      1,  1903 

Winooski  River  at  Richmond June  25,  1903 

Massachusetts. 

Comiecticut  River  at  Sunderland Mar.   30,  190-1 

Deerfield  River  at  Deerfield Mar.   30,  1904 

Ware  River  at  Ware Sept.  15,  1904 

Quaboag  River  at  West  Warren Oct.    25,  1904 

W^estfield  River  at  Russell       Apr.      1,1904 

Westfield  Little  River  at  Blandford July    13,  1904 

Rhode  Island. 

Blackstone  River  at  Woonsocket Apr.      5,  1904 

Connecticut. 

Shetucket  River  at  Willimantic      Apr.     4,  1904 

Salmon  River  at  Leesville Mar.   16,  1905 

Another  object  of  the  Hydrographie   Branch  is  to  publish  esti- 
mates of  stream  flow  made  by  private  parties,  where,  such  can  be 
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obtained  of  reliable  character,  and  a  considerable  amount  of  in- 
formation is  placed  on  record  in  this  way  in  the  Annual  Progress 
Reports  of  the  Survey.  At  present,  records  of  flow  by  private  par- 
ties are  obtained  and  published  for  the  following  points: 

Maine. 

Penobscot  River  at  Millinocket. 
Kennebec  River  at  Waterville. 
Cobbosseecontee  River  at  Gardiner. 
Androscoggin  River  at  Rumford  Falls. 
Presumpscot  River  at  Sebago  Lake. 

New  Hampshire. 
Androscoggin  River  at  Errol  Dam. 
Androscoggin  River  at  Gorham. 
Merrimac  River  at  Garvins  Falls. 

IVLVSSACHUSETTS. 

Sudburj^  River  at  Framingham . 
Merrimac  River  at  La-m-ence. 
Lake  Cochituate  at  Cochituate. 
Nashua  River  at  Clinton. 
Ware  River  at  Gilbert\-ille. 
.  Swift  River  at  West  Ware. 

COXNECTICUT. 

Connecticut  River  at  Hartford. 

Since  1903,  a  permanent  force  of  hydrographers  has  been  main- 
tained for  work  in  the  New  England  District,  and  a  branch  office 
of  the  vSurvey  is  now  located  at  Boston. 

METHODS    IN    USE    FOR    ESTIMATING    FLOW. 

It  is  not  the  purpose  of  this  paper  to  enter  into  details  of  the 
methods  used,  for  these  are  explained  very  fulh^  in  the  various 
Water  Supply  Papers  that  have  been  published.  A  brief  outline. 
however,  will  perhaps  be  desirable.  The  principal  method  is  that 
of  estimating  discharge  by  means  of  daily  gage  heights,  and  a 
discharge  rating  curve,  based  upon  current  meter  measurements 
of  flow  at  different  stages,  such  that  the  discharge  may  be  ascer- 
tained for  any  given  gage  height.     There  is  required,  then,  a  gage 
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suitably  established,  either  of  a  ]x>rniaiient  character  or  such  thab 
it  can  always  be  replaced  according  to  the  same  datum,  and  some 
one  to  read  this  gage  a  sufficient  number  of  times  a  day  (usually 
twice),  to  give  the  mean  height  for  the  day.  The  gage  most  in  use 
at  the  present  time  is  what  is  known  as  the  "  Standard  Chain 
Gage,"  which  is  capable  of  adjustment  and  frequently  tested.  The 
observer  is  some  one  living  near  by,  perhaps  a  farmer,  postmaster, 
or  station  agent. 

To  get  a  rating  curve  for  the  station,  current  meter  discharge 
measurements  are  made  by  the  hydrographer  at  different  gage 
heights  —  any  one  measurement  giving  by  means  of  soundings 
the  area  and  by  current  meter  observations  the  mean  velocity  — 
the  product  of  these  two  factors  being  the  discharge  for  a  given 
gage  height. 

The  current  meter  in  most  general  use.  and  which  has  proven 
most  satisfactory  for  river  conditions,  is  the  Price  electric  current 
meter. 

The  above  method  assumes  that  the  discharge  is  always  the 
same  for  a  given  gage  height  —  condition  of  bed,  banks,  etc.,  of 
course,  remaining  the  same.  This  is  not  strictly  true,  as  the  effect 
of  slope  of  water  surface  is  neglected ,  but,  under  the  usual  condition 
of  rate  of  rise  and  fall,  however,  no  great  error  is  involved. 

The  other  general  method  now  used  for  estimating  stream  flow 
consists  in  utilizing  water-power  plants  for  the  purpose.  Thus,  in 
many  cases,  it  is  practicable  to  use  a  dam  as  a  weir,  supplementing 
this,  if  necessary,  by  a  record  of  gate  openings  and  head  on  the 
wheels,  and  thus  procuring  data  to  compute  the  daily  discharge. 

LOCATING    CURRENT    METER    STATIONS. 

Perhaps  the  most  important  essential  in  locating  a  current  meter 
station  is  that  of  obtaining  what  may  be  called  a  true  or  undis- 
turbed gravity  flow.  It  is  not  always  easy  to  find  this  condition, 
and,  in  fact,  upon  some  of  the  New  England  rivers  it  is  well  nigh  im- 
possible to  find  any  great  length  of  river  that  is  not  lial)le  to  effect 
from  artificial  causes.  It  is  very  evident  that  if  l)a('k-water  effect 
occurs  from  any  reason,  the  usual  relation  between  the  gage  height 
and  discharge  is  at  once  changed.  There  are  a  variety  of  causes 
for  this,  the  most  common  one  ])eing  a  dam  downstream  from  the 
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Fig.  1.    U.  S.  Geological  Gaging  Station  at  West  Warren,  Mass., 
ON  the  Quaboag  River. 


Fig.  2.     Making  Current  Meter  Measurements  through  the  Ice  at 
Richmond,  Vt.,  on  Winooski  River. 
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gage  and  near  cnongh  to  give  this  effect.  Another  source  of 
back-\vater  effect  -which  often  prevails  is  that  of  a  stream  entering 
the  main  river  somewhat  below  the  point  under  consideration, 
but  of  sufficient  size  and  difference  in  distribution  of  run-off  to 
change  the  conditions  of  flow  in  the  vicinity  of  the  station.  Lakes 
or  ponds,  whei'e  considerable  fluctuations  of  level  exist  at  various 
times  of  the  year,  must,  of  course,  be  sufficiently  distant  from  the 
gage  to  give  no  back-water  effect.  The  matter  of  horizontal  dis- 
tance is  not  always  the  important  thing  in  the  above,  for  fre- 
cjuently  back-Avater  influence  exists  for  many  miles.  Thus,  as  an 
illustration,  on  Otter  Creek,  the  dam  at  ]\Iiddlebur\',  Vt.,  probably 
affects  the  water  level  for  a  distance  of  twenty  miles  or  more,  while 
there  are  many  cases  where  the  influence  of  a  dam  is  felt  l)ut  a 
few  hundred  feet  upstream.  Back-water  effect  may  also  be  caused 
temporarily  by  ice  or  log  jams,  and,  of  course,  while  such  con- 
ditions prevail  it  is  difficult  or  impossible  to  obtain  good  estimates 
of  flow. 

CHANNEL    CONDITIONS. 

The  ideal  in  this  respect  woukl  be  a  portion  of  a  river  with  a 
permanent  and  smooth  bed  and  with  a  straight  channel  both  above 
and  below  the  point  considered,  so  that  an  even  and  regular  flow 
could  be  obtained  at  all  stages,  and  Avith  a  good  velocity  at  low 
Avater,  and  not  too  SAvift  for  high-Avater  conditions;  moreoA'er, 
the  banks  should  be  high  enough  not  to  OA-erfloAv  during  floods. 
The  aboA'e  rec^uisites  are  neA^er  met  Avith  completely,  and  it  is 
usually  a  cpestion  of  waiA'ing  some  one  or  more  of  these  desirable 
features  and  doing  the  best  possil^le  under  the  circumstances. 
In  general,  permanent  conditions  of  the  stream  in  the  A-icinity  of 
the  gage,  although  the  bed  be  rough,  are  better  than  a  smoother 
channel  which,  hoAA'CA-er.  shifts  or  scours  at  times.  The  purpose 
for  which  the  measurements  are  made  usually  has  considerable 
A\'eight  in  the  selection  of  the  station.  Perhaps  the  most  common 
way  in  AA^hich  stream  measurements  are  useful  here  in  New  England 
is  in  connection  Avith  Avater  poAA'ers,  and  for  such  purposes  it  is  the 
estimates  of  Ioav  Avater  AA-hich  are  the  most  A-aluable.  Consecjuently, 
under  these  conditions,  the  hydrographic  features  at  low-Avater 
stages  AA'ould  haA-e  the  most  Aveight. 
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KINDS    OF    STATIONS. 

A  bridge  is  used  whenever  channel  conditions  are  at  all  suitable 
in  the  vicinity,  and  these  var\'  in  convenience  from  the  modern 
steel  highway  I) ridge,  open  and  easy  to  work  from,  to  the  old 
covered  wooden  bridges,  many  of  which  still  exist  and  which  are 
often  ver}'  difficult  to  utilize.  Some  of  these  latter  have  a  narrow 
open  space  at  the  top,  or  a  sufficient  opening  between  flooring  and 
bottom  chord  to  permit  of  passing  the  current  meter  through, 
while  in  a  few  cases  it  is  necessary  to  tear  up  a  line  of  floor  planks 
every  time  a  measurement  is  made.  The  standard  chain  gage  is 
best  adapted  for  use  at  a  bridge  station,  although  frequentty  a 
staff  gage  can  be  readily  placed  on  an  abutment  or  pier.  Rail- 
road bridges  of  the  deck  tj'pe  are  often  found  which  would  make 
good  stations  as  far  as  hydrographic  conditions  go,  but  cannot  be 
considered  on  account  of  the  danger  involved  in  using  them. 

A  cable  with  a  suspended  car  is  frequently  a  necessity  where  no 
bridges  are  available.  In  this  case  it  is  some  times  possible  to 
fasten  a  chain  gage  to  trees  on  the  bank,  or  a  staff  gage  to  a  bowlder. 
As  the  site  for  a  cable  station  can  be  picked  with  the  best  condi- 
tions in  mind,  the  results  at  such  stations  are  usually  of  the  best. 
The  first  cost  of  such  a  station  is,  of  course,  considerable,  and, 
moreover,  the  cable  and  anchorages  have  to  be  carefully  looked 
after  and  kept  in  repair  to  insure  safety  to  the  hj^drographer. 

A  boat  or  canoe  is  frequently  used  in  making  current  meter 
measurements.  Under  good  conditions  —  no  wind  and  not  too 
swift  a  current  —  fairly  good  results  can  thus  be  obtained  b}'  the 
use  of  stay  lines  at  both  bow  and  stern.  It  is,  perhaps,  the  most 
unsatisfactory  method,  although  sometimes  necessary  where  the 
expense  of  a  cable  would  be  too  great. 

Measurements  are  frequently  made  by  leading  and  with  excel- 
lent results.  Very  often  a  gaging  station  which  would  otherwise 
be  useless  at  low  water,  owing  to  sluggish  current,  can  be  operated 
by  finding  some  site  nearby  where  good  velocity  conditions 
exist. 

OPERATION    OF    STATIONS. 

It  is  the  jiractice  to  check  up  gages  at  least  once  a  year  with 
a  level,  and  in  some  cases  still  more  often.     This  is  done  bv  the 


Plate  II. 


Fig.  1.     ^^'E.sTFIELD  Little  Hivek,  near  Blandfohd,  Mass. 
Gage  t^.sED  with  Cable  Station. 


Fig.  2.     Westfield  Little  River,  near  Blandfurd,  Mass. 
Clearing  up  Channel  with  Dynamite. 
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use  of  permanent  bench  marks  on  shore  referred  to  the  jiage 
datum.  AVhenever  it  is  practicable  some  point  on  bridge  or  bank 
over  the  water  is  selected  by  levels  also  referred  to  gage  datum,  and, 
b)'  measurement  to  the  water  surface  with  steel  tape,  used  in  check- 
ing gage  readings.  AVhere  chain  gages  are  used  the  chain  is  A'ery 
frequenth'  measured  and  correction  made  if  necessary. 

An  old  covered  wooden  bridge  has  been  known  to  settle  as  much 
as  0.2  foot  in  six  months,  while  frecpently  on  modern  structures 
no  apprecial)le  settlement  occurs  for  years.  The  gaging  station  on 
Zealand  River,  near  Twin  Mountain,  N.  H.,has  required  freciuent 
attention,  the  gage  being  fastened  to  two  trees  on  the  bank,  one 
of  which  occasionally  settles,  so  that  a  total  vertical  change  of 
0.27  foot  has  occurred  in  the  position  of  the  gage  since  its  installa- 
tion about  two  years  ago. 

There  are  various  causes  which  may  at  times  prevent  a  good 
current  meter  measurement.  Thus,  if  there  is  a  rapid  fluctuation 
in  gage  height  during  the  measurement,  poor  results  will  be  ob- 
tained, and  where  gagings  are  desired  under  such  conditions, 
rapid  methods  must  be  used.  For  instance,  velocity  observations 
may  be  taken  at  one  foot  depth,  and  the  soundings  left  until  after- 
ward. By  taking  a  few  vertical  velocity  curves  just  after  the 
gaging  is  completed,  the  coefficient  to  apply  to  the  observations 
at  one  foot  depth  may  be  determined. 

Rapid  fluctuations  in  height  occur  upon  some  of  the  ]\Iaine 
rivers  owing  to  the  use  of  stored  water  for  driving  logs,  and  while 
this  is  being  done  —  from  perhaps  ^lay  to  August  —  considerable 
care  has  to  be  taken  in  reading  and  interpreting  gage  heights,  and 
quick  methods  used  for  gagings.  Thus,  on  the  Kennebec  River 
at  The  Forks  during  the  week  of  July  16-23,  1905,  the  average 
morning  readiiig  was  1.71,  corresponding  to  a  discharge  of  1  125 
cubic  feet  per  second;  while  that  at  night  was  5.59,  which  corre- 
sponds to  about  8  775  second -feet.  This  is  due  solely  to  differences 
in  gate  openings  at  ^loosehead  Lake,  some  twenty-five  miles 
awa}',  and  gives  some  idea  of  the  amount  of  water  being  used 
for  log  driving. 

Temporary  obstructions,  as  log  or  ice  jams  below  the  gage,  or  an 
accumulation  of  logs  at  the  gage,  may  absolutely  prevent  gaging. 
The  Androscoggin,  Kennebec,  Penobscot,  and  St.  Croix  rivers  and 
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their  triljutaries  are  especially  apt  to  give  troiiljle  in  this  way 
during  the  log-driving  season.  Current  meter  measurements 
frequenth'  have  to  be  made  while  logs  are  running,  but  great  care 
and  watchfulness  are  required  to  do  this  without  injury  to  the 
meter. 

Anchor  ice  may,  under  certain  conditions,  form  in  the  late  fall 
and  early  winter  before  the  rivers  are  completely  frozen  over,  and 
make  sufficient  obstruction  to  affect  gage  readings.  Thus,  upon  the 
Westfield  River  at  Russell,  Mass.,  on  November  29,  1904,  when  the 
river  bed  was  more  or  less  coated  with  anchor  ice,  at  gage  height 
0.99  a  current  meter  measurement  gave  a  discharge  of  196  second- 
feet.  The  estimated  discharge  from  the  rating  curve  at  this  gage 
height  is  250  second -feet,  and  the  percentage  error  of  this  measure- 
ment of  some  28  per  cent,  is  probably  mostly  due  to  this  cause. 
It  will  perhaps  be  of  interest  in  this  connection  to  note  that  a 
current  meter  measurement  at  low  or  medium  gage  height  is 
rejected  entirely  if  varying  more  than  5  per  cent,  from  the  curs-e. 

The  general  practice  when  under  high-water  conditions,  the 
current  being  so  swift  as  to  prevent  holding  the  meter  at  any 
great  depth  below  the  surface,  is  to  make  observations  at  one  foot 
depth  (which  can  usually  be  done),  and  apply  a  coefficient  obtained 
by  study  of  vertical  curves  for  the  station  at  lower  gage  heights. 
The  distance  of  the  bridge  a))ove  the  water  surface  is  a  ver}- 
imjoortant  factor  in  holding  the  meter. 

ESTI^L^TES    OF    PLOW   DURING    THE    WINTER    SEASON. 

For  a  considerable  portion  of  the  year  in  New  England  the 
rivers  are  frozen  over,  and  while  in  this  condition  at  a  given  station 
the  relation  between  gage  height  and  discharge,  which  exists 
under  open-water  conditions,  no  longer  prevails.  The  ice  cover 
forms  usually  during  the  joeriod  from  the  middle  of  November  to 
the  first  of  January,  depending  upon  latitude  and  conditions; 
while  the  ice  remains  in  many  streams  as  late  as  the  first  of  April 
and  some  times  up  to  the  first  of  May.  There  is.  consequently, 
a  considerable  portion  of  the  year  when  different  methods  of 
estimate  must  be  used  from  the  ordinary.  In  winter,  too,  the 
measurement  of  precipitation  is  more  difficult  and  available 
data  less  accurate  than  for  the  summer  season.     In  fact,  there 


Platf-  III. 


'k;.  1.     Auuu.sxooK  Uivekai   I;()i;i   1  auuiki-d,  Me.     (.Jacixg  Statujx 
Ixterfekevcf:  with  Logs. 


Fig.  2.     Moose  River  at  Rockwood,  Me. 
Cable  8t.\tion. 
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is  not  even  an  a])proxiniate  relation  between  snowfall  and  stream 
flow,  so  that  no  estimate  of  stream  flow  can  be  made  from  the 
precipitation  in  winter.  In  the  northern  New  England  states 
especially,  the  minimum  flow  for  the  year  may  occur  during  the 
winter  season,  as  the  inflow  of  the  streams  is  generally  from  springs, 
ground  water,  and  lake  storage.  A  water-power  plant  is  often 
taxed  at  its  highest  capacity  during  the  winter  time,  as  the  da}'s 
are  much  shorter  and  more  power  is  consumed  in  lighting.  Con- 
sequently.  it  is  often  of  the  utmost  importance  to  know  something 
definite  of  winter  flow  under  such  conditions.  There  are  numerous 
difficulties  met  with  in  making  winter  estimates  of  flow  by  any 
of  the  ordinary  methods,  and  for  this  reason  the  data  relative  to 
winter  flow  of  streams  are  veiy  meager  compared  with  those  for 
the  rest  of  the  year. 

CURRENT    METER    STATIONS    IN    WINTER. 

The  condition  of  New  England  streams  during  the  winter 
season  may  perhaps  be  classified  as  follows: 

(1.)  Streams  which  do  not  freeze  over,  or  perhaps  only  for  short 
times.  This  ma}'  be  due  to  several  causes.  Tlie  most  common 
case  is  that  of  a  stream  near  the  outlet  of  a  lake  and  where  the 
velocity  is  considerable.  Frequently  a  river  will  be  open  for  some 
little  distance  below  a  dam,  if  quick  water  exists. 

(2.)  Streams  which  freeze  over  smoothly  and  permanently 
for  the  winter,  and  where  the  range  of  rise  and  fall  is  small. 

(3.)  Streams  where  ice  conditions  change  frequently,  due  to 
breaking  up  of  ice  or  the  formation  of  anchor  or  needle  ice. 

Estimates  of  flow  for  the  first  two  classes  are  usually  practicable, 
although  the  cost  may  be  two  or  three  times  that  for  the  open 
season. 

METHODS    USED. 

During  the  winter  of  1903-4,  out  of  thirty  current  meter  statiojis 
maintained  in  New  England,  a  record  of  gage  heights  to  water  sur- 
face in  a  hole  cut  in  the  ice,  and  the  data  relating  to  the  thickness 
of  the  ice,  was  kept  at  sixteen,  and  at  one  station  some  current 
meter  measurements  of  flow  under  the  ice  were  made.  During 
the  winter  of  1904-5,  data  regarding  gage  heights,  etc.,  were 
obtained  at  twentv-seven  out  of  fortv  current  meter  stations,  and 
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current  meter  measurements  made  at  three  stations.  The  effort 
has  been  to  procure  sufficient  data  as  regards  gage  heights,  etc.,  to 
be  able  to  compute  the  flow  during  these  winter  months  later  on 
when  perhaps  meter  measurements  will  have  been  made  in  suffi- 
cieiit  number  under  ice  conditions  for  a  winter  rating  curve,  or 
perhaps  a  relation  established  l^etween  summer  and  winter  flow 
for  a  given  station.  This  feature  of  estimating  stream  flow  must 
be  regarded  as  largely  experimental  up  to  the  present  time. 

The  manner  of  using  the  current  meter  under  winter  conditions 
has  been  to  cut  holes  in  the  ice,  perhaps  two  feet  long  and  one  foot 
wide,  at  intervals  of  10  or  20  feet  or  less,  depending  on  the  total 
width  of  the  river.  Velocity  observations  have  been  practicalh' 
all  made  by  the  multiple  point  method,  and  A'ertical  velocity 
curves  obtained,  as  it  is  desired  to  procui-e  as  much  information 
as  possible  on  the  form  of  velocity  curves  under  ice  conditions, 
and  to  furnish  means  for  study  to  determine  other  methods  which 
will  be  quicker  as  regards  field  work.  The  current  meter  has  to 
be  kept  in  the  water  continuoush'  or  it  will  become  coated  with 
ice  and  impossible  to  use.  In  some  cases  it  has  been  found  that 
considerable  pulsations  occur  of  the  water  through  holes  in  the 
ice.  At  Richmond,  Vt.,  on  Winooski  River,  holes  being  five 
feet  apart,  rapid  pulsations  of  a  half  foot  or  less  occurred  and 
caused  considerable  trouble  at  first.  This  was  stopped  by  cutting 
between  a  few  of  the  holes  and  making  a  continuous  channel. 

USE    OF    WATER-POWER    PLANTS    FOR    ESTI^L'^.TES    IN    WINTER. 

The  difficulties  under  such  conditions  are  that  the  dam  fre- 
quently becomes  coated  with  ice  and  so  changed  in  the  cross  sec- 
tion and  in  conditions  as  to  make  the  flow  over  it  very  difficult 
to  ascertain.  Where  the  flow  is  largely  through  the  turbines, 
less  trouble  occurs,  and  fairly  good  estimates  of  flow  may  be 
obtained  in  this  way. 

OTHER  AVORK  OF  THE  HYDROGRAPHIC  BRANCH  IN  NEW  ENGLAND. 

This  branch  of  the  Geological  Survey-  is  not  limited  to  the  esti- 
mation of  stream  flow,  but  is  intended  to  cover  the  broad  subject 
of  hydrography,  and,  in  general,  to  aid  in  the  study  and  solution 
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Fig.  1.     MuosE  Kiver  at  ItocKwooo,  Me.     Gage]used  with 
Cable  vStation. 


Fig.  2.     Evapokaiton   1'an  and  Float.s  in  AxDKusccuiGi.N  1{i\eh, 
AT  Lewiston,  Me. 
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of  problems  connected  with  river  flow  and  with  the  lakes  of 
New  England .  Thus,  in  the  state  of  Maine,  surveys  of  some  of  the 
important  water-power  streams  have  been  made  for  the  purpose  of 
obtaining  plans  and  profiles.  In  1904,  the  Kennel^ec  and  Penob- 
scot rivers  were  covered  in  this  way  for  a  considerable  part  of 
their  length.  During  the  present  season  the  survey  of  the  Andro- 
scoggin River  has  been  begun,  and  further  work  done  upon  the 
Kennebec  and  Penobscot  rivers. 

Another  feature  of  Maine  hydrography  that  is  now  being  studied 
by  the  aid  of  surveys  is  that  of  storage  in  the  Kennebec  River 
headwaters.  This  stream  is  naturally  endowed  with  a  great  series 
of  lakes  which  are  admirably  suited  for  storage  purposes,  the 
largest  of  these  being  ]\Ioosehead  Lake.  While  some  regulation 
has  been  made  of  the  outflow  of  these  lakes,  there  still  remains 
considerable  to  be  done  before  the  minimum  flow  of  the  Kennebec 
River  is  brought  to  the  desirable  pitch. 

The  study  of  evaporation  is  being  carried  on,  and  during  the 
present  summer  stations  to  measure  this  and  to  procure  the  attend- 
ant meteorological  data  are  being  maintained  at  Lewiston  on 
the  Androscoggin  River,  at  Millinocket  on  Ferguson  Pond,  and 
at  Wallagrass  on  Soldier  Pond. 

It  is  intended  to  gradually  accumulate  data  on  the  water  powers 
of  New  England  and  regarding  sites  for  water  power  as  yet  unused, 
and  to  have  this  information  generally  available  for  engineers  and 
other  parties  interested,  either  in  shape  of  reports  or  on  file  at  the 
Washington  and  district  offices. 

Lists  are  appended  of  the  Water  Supply  Papers  and  Reports  of 
the  Geological  Survey  that  have  been  published  up  to  the  present 
time:  (1)  Upon  hydrographic  methods  and  investigations  of 
general  interest;  (2)  those  containing  data  on  the  flow  of  streams, 
water  powers,  etc.,  of  New  England. 

UNITED    STATES    GEOLOGICAL    PUBLICATIONS    RELATING   TO    GEN- 
ERAL   HYDROGRAPHIC    INVESTIGATIONS. 

Nineteenth  Annual  Report,  Part  IV,  1897,  pp.  17-31.  "  Methods  of  Meas- 
urement." 

Twentieth  Annual  Report,  Part  IV,  1898,  pp.  20-22.  "  Methods  of  Meas- 
urement." 
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Twenty-first   Annual    Report,  Part    IV,  1899,  pp.   28-41.      "  Methods  of 

Investigation;  also,  Difficulties  in  Measuring  Flow  over  Dams." 

Water  Supply  Paper  35,  1899,  pp.  1 1-25.    "  General  Discussion  of  Methods." 
Water  Sui)ply    Paper  47,  1900,  pp.  10-15.      "  ^Methods   of  Using  Stream 

Gagings  for  the  Computation  of  Water  Power." 

Twenty-second  Annual  Report,  Part  IV,  1900,  pp.  49-50.     "  Methods  of 

Investigation." 

Water  Supply  Paper  5G,  1901.     "  Methods  of  Stream  ^Measurement." 
Water  Supply  Paper  64,  1902.      "  Accuracy  of  Stream  Measurement." 
Water  Supply  Paper  76, 1903.     "  Observations  on  Flow  of  Rivers  in  Vicinity 

of  New  York  City. 

Water  Supply  Paper  80,  1903.      "  Relation  of  Rainfall  to  Run-off." 

Water  Supply  Paper  94,  1904.      "  Hj-drographic  Manual." 

Water  Supply    Paper  95,  1904.      "  Accuracy   of   Stream  Measurement." 

(2d  ed.) 

UNITED    STATES   GEOLOGICAL   SURVEY    PUBLICATIONS   RELATING  TO 
HYDROGRAPHY   IN   NEW    ENGLAND. 

Nineteenth  Annual  Report,  Part  IV,  1897,  pp.  34-117. 

Twentieth  Annual  Report,  Part  IV,  1898,  pp.  45-47;  64-78. 

Water  Supply  Paper  27,  1898,  pp.  9-16. 

Twenty-first  Annual  Report,  Part  IV,  1899,  pp.  50-63. 

Water  Supply  Paper  35,  1899,  pp.  25-44. 

Twenty-second  Annual  Report,  Part  IV,  1900,  pp.  56-81. 

Water-supply  Paper  47,  1900,  pp.  29-36. 

Water  Supply  Paper  65,  1901,  pp.  13-42. 

Water  Supply  Paper  69,  1902.     "  Water  Powers  of  Maine." 
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THE   WATER  SUPPLIES  OF  THE   NEW  YORK  METRO- 
POLITAN DISTRICT  WITH  SPECIAL  REFERENCE 
TO  THEIR  PURIFICATION. 

BY  GEORGE   C.    WHIPPLE,    CONSULTING    ENGINEER, 

NEW   YORK  CITY. 

[Read  September  15,  1905.] 

Mr.  President,  and  Fellow  Members  of  the  New  England  Water 
Works  Association,  —  I  don't  know  how  many  times  j'ou  have 
been  told  during  the  last  few  days  that  New  York  is  a  great  city. 
You  heard  it  from  those  who  gave  the  addresses  of  welcome,  you 
read  it  in  the  descriptive  pamphlet  prepared  by  the  committee, 
and  you  have  had  a  chance  to  see  something  of  it  for  yourselves; 
and  now,  lest  I  be  thought  lacking  in  local  patriotism,  I  want  to 
say  it  again.  Yet,  after  all  3'ou  have  seen  and  heard,  I  doubt  if 
even  now  3'ou  have  come  to  fully  recognize  the  bigness  of  New 
York.  When  you  went  to  Coney  Island  by  steamer  yesterday 
you  thought,  no  doubt,  that  you  were  leaving  the  city  behind  }'ou; 
yet  the  Statue  of  Liberty,  which  stands  far  out  in  the  harbor,  is 
really  the  center  of  a  semicircle  which  bounds  the  city  limits. 
From  this  statue  it  is  18  miles  to  the  most  northerly  point  of  the 
borough  of  the  Bronx,  18  miles  to  the  niost  southerly  point  of 
the  borough  of  Richmond,  and  18  miles  to  the  most  easterly 
boundary  of  the  borough  of  Queens.  The  western  boundarj-  of  the 
city,  formed  by  the  Hudson  River,  the  harbor,  and  the  narrow 
channels  west  of  Staten  Island,  is  almost  a  straight  line.  Of  the 
500  square  miles  included  in  this  semicircle,  327  square  miles 
represent  the  land  area  of  Greater  New  York.     (See  Fig.  1.) 

NEW  YORK    METROPOLITAN   DISTRICT. 

If  our  eighteen-mile  semicircle  be  extended  over  New  Jersey  it  will 
include  something  over  400  square  miles  of  land  surface  and  about 
45  cities  and  towns  in  that  state.  Some  of  these  cities  are  large 
and  important,  as,  for  instance,  Jersey  City,  Newark,  Elizabeth, 
Hoboken,  Weehawken,  etc.,  while  the  Oranges,  Montclair,  Engle- 
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wood,  etc.,  are  well-known  suburban  communities.  The  New 
Jersey  people  are,  to  be  sure,  in  a  different  state  from  New  York, 
yet  their  relations  with  the  greater  city  are  ver}'  close,  and  when 
the  ferries  which  now  cross  the  Hudson  River  shall  be  supple- 
mented by  the  tunnels  under  construction  this  relation  will  become 


Fig.  1,    Diagram  showing  the  Cities  and  Towns  included  in  the 
New  York  Metropolitan  District. 


closer.  Thus,  while  these  New  Jersey  communities  are  never 
likely  to  become  a  political  entity  with  New  York,  the  region  in- 
cluded within  the  eighteen-mile  circle  may  be  not  inappropriately 
termed  the  Metropolitan  District,  as  it  has  one  vital  center  and 
manv  interests  in  common. 
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Outside  of  this  circle  on  the  north  side  there  is  a  large  suljurban 
district  which  is  just  as  closely  connected  with  the  city  as  the  New 
Jersey  townships  above  mentioned.  To  include  them  our  radius 
must  be  extended  to  30  miles.  This  wider  circle  brings  us  to  the 
Connecticut  line.  Outside  of  it  lie  New  England  and  the  rest  of 
the  world. 

The  present  population  of  Greater  New  York  is  something 
over  four  millions.  There  are  at  least  one  million  people  within 
the  eighteen-mile  limit  in  New  Jersey,  and  there  are  half  a  million 
more  people  within  the  north  suburban  zone  of  New  York.  Thus, 
taking  the  New  York  Metropolitan  District  as  a  whole,  there  are 
at  the  present  time  more  than  five  and  a  half  million  people  who 
live  within  thirty  miles  of  the  Statue  of  Liberty.  But  even  these 
figures  do  not  tell  the  whole  stor}\  New  York  City  is  growing  at 
the  rate  of  27  per  cent,  every  ten  years,  and  the  suburban  dis- 
tricts around  New  York  are  increasing  at  the  rate  of  more  than  30 
per  cent.  In  twenty  years  from  now  New  York  City  will  have  a 
population  of  six  millions,  and  in  the  entire  Metropolitan  District 
there  will  be  more  than  eight  million  people. 

To  provide  this  great  group  of  communities  with  pure  and  whole- 
some water, — enough  for  fire  purposes,  enough  for  all  domestic, 
industrial,  and  public  uses,  and  enough  to  gratify  the  American 
instinct  of  using  a  pint  and  wasting  a  quart,  —  is  without  exception 
the  most  gigantic  municipal  water- works  problem  of  the  world. 

WAITER  CONSUMPTION. 

New  York  City  is  now  using  upwards  of  450  million  gallons  of 
water  a  day,  and  the  entire  Metropolitan  District  is  using  nearly 
600  million  gallons,  or  about  110  gallons  per  capita.  While  this 
figure  is  higher,  perhaps,  than  it  should  be,  and  represents  a  lavish 
use  and  waste  of  water,  yet,  judging  from  common  experience, 
there  is  reason  to  believe  that  in  spite  of  all  efforts  to  stop  leakage 
in  the  mains,  and  in  spite  of  all  efforts  to  restrict  waste  even  b}^  the 
severe  method  of  metering  (which,  I  believe,  should  and  will 
be  ultimately  adopted),  this  per  capita  consumption  is  destined  to 
increase  instead  of  diminish  during  the  next  quarter  of  a  centur}'. 
In  all  probability  the  district,  as  a  whole,  will  be  using  125  gallons 
per  capita  in  1925,  while  the  main  parts  of  New  York  City  may 


454         WATER  SUPPLIES,  NEW  YORK  METROPOLITAN  DISTRICT. 

be  using  upwards  of  150  gallons.  If  we  allow  150  gallons  per  capita 
for  Manhattan  and  the  Bronx,  125  gallons  for  Brooklyn  and  Queens, 
100  gallons  for  Richmond  and  the  rest  of  the  Metropohtan  dis- 
trict, then  in  twenty  years  from  now  the  total  quantity  of  water 
needed  each  day  will  be  more  than  one  billion  gallons,  or  enough 
to  cover  a  square  mile  to  a  depth  of  5  feet, 

WATER   RESOURCES. 

Fortunately,  the  water  resources  which  lie  within  a  reasonable 
distance  of  the  city  are  ample  to  meet  this  enormous  demand  if 
only  they  are  properly  develo])ed:  in  fact.  New  York  is  singularly 
fortunate  in  this  regard .  The  entire  Metropolitan  region  is  situ- 
ated at  a  comparatively  low  elevation;  in  only  a  few  places  does 
the  land  lie  higher  than  200  feet  above  sea  level,  and  a  considerable 
proportion  of  the  most  thickly  settled  parts  is  lower  than  100  feet. 
The  district  is  surrounded  on  the  north  and  northwest  by  an 
upland  region,  where  the  rainfall  is  ample,  where  the  facilities  for 
water  storage  are  good,  and  where  the  natural  quality  of  the  water 
is  excellent.  Within  100  miles  of  the  district  there  are  large 
areas  where  the  land  has  an  elevation  higher  than  500  feet,  and 
within  a  radius  of  200  miles  there  are  areas  where  the  elevation 
is  even  higher.  The  opportunities  for  upland  gravity  supplies 
are  therefore  excellent.  This  highland  region  lies  partly  in  New 
York,  partly  in  New  Jersey,  and  partly  in  Connecticut.  Not 
all  of  these  tracts,  however,  are  available  or  capable  of  economical 
development,  and  in  some  cases  the  danger  of  interstate  complica- 
tions prevents  the  carrvnng  out  of  what  would  be  otherwise  advan- 
tageous projects.  But  even  after  barring  out  those  supplies 
which  are  open  to  legal  objections,  it  remains  true  that  the  State 
of  New  York  can  furnish  ample  water  resources  for  her  greatest 
city,  while  New  Jersey  is  able  to  take  care  of  herself  in  the  way  of 
supplying  those  of  her  cities  which  lie  within  the  Metropolitan 
District. 

Besides  these  upland  sources  there  are  other  sources  of  water 
supply  available  to  the  district.  On  Long  Island  and  Staten 
Island  there  are  portions  of  the  Atlantic  coastal  plane,  covering 
several  hundred  square  miles,  where  vast  stretches  of  sand  offer 
unique  facilities  for  tlie  collection  and  utilization  of  ground  water. 
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From  these  sources  tliere  might  be  supphed,  if  necessary,  all  the 
water  needed  for  the  boroughs  of  Brooklyn  and  Queens.  At 
present  some  of  these  sources  are  barred  out  by  legal  restrictions 
(i.  e.,  Suffolk  County  on  Long  Island),  and  on  account  of  the 
necessity  of  pumping  the  Long  Island  water  it  may  be  found 
cheaper,  perhaps,  to  obtain  a  part  of  the  supph^  from  upland 
sources  rather  than  to  extend  the  aqueduct  indefinitely  on  Long 
Island.  Nevertheless,  the  water  is  there  and  ma.v  ]:»e  utilized  if 
it  ever  becomes  necessary. 

In  addition  to  these  sources  there  is  the  Hudson  River,  which 
passes  through  the  heart  of  the  district,  draining  an  area  of  more 
than  12  000  square  miles.  By  filtration  at  some  point  above  the 
limit  of  the  run  of  salt  water,  it  would  be  possible  to  obtain  a  yevy 
large  quantity  of  satisfactory  water.  In  the  distant  future  it  may 
become  necessary  to  utilize  water  from  this  source. 

PRESENT    SOURCES  OF  SUPPLY. 

There  are  at  present  more  than  100  distinct  sources  of  water 
for  the  New  York  Metropolitan  District.  They  include  almost 
every  conceivable  type  of  supply,- — lakes,  large  impounding 
reservoirs,  rivers  with  small  storage  and  rivers  with  no  storage 
at  all,  river  waters  filtered,  dug  wells,  shadow  wells,  infiltration 
galleries,  ground  waters  filtered,  and  surface  and  ground  waters 
mixed.  About  half  of  these  sources  lie  inside  the  limits  of  the 
Metropolitan  District,  but  these  local  supplies  are  small  and  scat- 
tered and  together  do  not  furnish  more  than  about  fifty  million 
gallons  a  day  out  of  the  six  hundred  millions  used  by  the  entire 
district. 

If  we  classify  the  supplies  according  to  their  sources  we  find 
that  there  are  20  lakes  and  reservoirs  where  the  storage  is 
large,  17  small  storage  reservoirs,  11  filtered  river  waters.  61  ground 
waters,  and  1  ground  water  filtered.  Of  the  entire  supply 
about  15  per  cent,  is  ground  water,  10  per  cent,  is  surface  water 
filtered,  and  75  per  cent,  is  surface  water  unfiltered. 

All  of  the  water  furnished  to  Manhattan  and  most  of  the  water 
furnished  to  Brooklyn  and  the  Bronx  is  supplied  by  the  city,  but 
in  Queens  and  in  Richmond  the  service  is  finite  largely  controlled 
by  private  comi:)anies.     In  New  Jersey,  also,  private  water  com- 
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panies  are  strongly  intrenched,  although  Newark  and  some  of 
the  other  cities  control  their  own  supplies. 

WATER    OBTAINED    WITHIN   THE    DISTRICT   LIMITS. 

About  fifty  million  gallons  of  water  a  day  are  derived  from 
local  sources  which  are  situated  inside  of  the  district  limits.  This 
is  particularly  true  of  the  boroughs  of  Queens  and  Richmond, 
where  ground  water  is  utilized  by  means  of  driven  wells  scattered 
over  the  area.  Some  of  the  suburban  sections  of  Brooklyn  are 
likewise  supplied  with  ground  water.  In  Brooklyn  some  of  the 
ground  water  is  pumped  into  the  distribution  pipes  and  mixed 
with  the  Ridgewood  water,  which  forms  the  main  supply  of  the 
city;  but  in  Flatbush,  the  most  attractive  of  Brooklyn's  suburbs, 
the  supply  is  entirely  distinct  and  the  excellent  quality  of  the 
supply  is  considered  by  real  estate  dealers  as  a  valuable  asset. 
Certain  portions  of  the  Bronx  receive  water  from  local  driven 
wells,  and  the  residential  section  lying  to  the  north  of  the  city, 
including  Yonkers,  Mount  Vernon,  New  Rochelle,  IMamaroneck, 
Port  Chester,  White  Plains,  Ardsley,  Tarrytown.  etc.,  also  receive 
water  from  near-by  sources.  In  New  Jersey  this  is  true  of  Eliza- 
beth, Perth  Amboy,  Summit,  and  some  of  the  smaller  places. 

WATER   FROM   OUTSIDE    SOURCES. 

By  far  the  greater  portion  of  the  Metropolitan  District  is  supplied 
with[water  from  sources  which  lie  at  some  distance  from  the  city. 
(See^Fig.  2.)  The  most  important  outside  sources  are  seven  in 
number;  they  are: 

1.  The  Croton  River,  which  supplies  all  of  Manhattan  and  a 
part  of  the  Bronx. 

2.  The  Bronx  and  Byram  rivers,  which  also  supply  the  Bronx. 

3.  The  Ridgewood  system  of  streams  and  driven  wells  on  Long 
Island,  which  forms  the  greater  part  of  the  supply  of  Brooklyn. 

4.  The  Hackensack  River  which,  from  its  pumping  station  at 
New  Milford,  supplies  the  cities  of  Hoboken,  Weehawken,  and 
more  than  thirty  towns  and  villages. 

5.  The  Pequannock  River,  which  supplies  the  city  of  Newark. 

6.  The  Rockaway  River,  which  forms  the  present  supply  of 
Jersev  City. 
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7.  The  Passaic  River,  whiclij  from  a  pumping  station  at  Little 
Falls,  supplies  Paterson,  Passaic,  Montclair,  Bayonne,  Kearney, 
Harrison,  and  other  smaller  places. 

These  supplies,  taken  together,  furnish  in  round  numbers  about 
550  million  gallons  of  water  a  dav. 


Fig.  2.    Diagram  showing  the  Principal  Drainage  Areas  which 
FURNISH  Water  to  the  New  York  Metropolitan  District. 


Great  as  the  present  sources  of  water  supply  appear  to  be,  yet 
in  New  York  Cit}'  the  consumption  has  already  caught  up  with 
the  safe  yield  of  the  .  watersheds,  and  an  increased  supply  is 
urgently  needed.  It  is  unnecessary  at  this  time  to  describe  the 
various  investigations  which  have  been  made  in  connection  with 
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this  subject.  They  have  been  fully  set  forth  in  official  reports. 
It  is  sufficient  to  state  that  steps  are  now  being  taken  to  provide 
an  additional  supply  sufficient  to  furnish  all  the  water  that  New 
York  will  need  for  a  generation.  The  source  of  supply  has  been 
selected ;  authority  for  the  new  work  has  l^een  obtained ;  executives 
have  been  chosen,  and  the  machinery  isljeing  put  in  motion  to  con- 
struct the  gigantic  works  necessar}'  for  the  storage  of  the  water, 
for  its  sanitary  protection,  and  for  its  deliverv  to  the  city.  The 
source  selected  for  immediate  development  is  the  Esopus  River,  a 
stream  which  flows  into  the  Hudson  River  from  the  west  at  a 
point  about  100  miles  from  the  city;  it  has  a  drainage  area  of  255 
scpare  miles  on  the  southern  slopes  of  the  Catskill  Moimtains. 
Here  the  facilities  for  storage  are  good  and  the  quality  of  the 
water  excellent,  better,  in  many  ways,  than  the  present  Croton 
water.  It  is  a  supply  of  which  Father  Knickerbocker  will 
be  proud.  After  the  Esopus,  the  Rondout,  the  Catskill,  the 
Schoharie  and  other  neighboring  watersheds  can  be  developed. 

Projects  for  the  utilization  of  ground  water  on  Long  Island 
have  been  considered  also,  but  no  far-reaching  method  of  de- 
velopment has  yet  been  decided  upon.  One  new  feature  of 
the  Brooklyn  supply,  however,  is  worthy  of  mention,  namely, 
the  infiltration  galleries  now  l^eing  constructed.  The  borough 
now  has  a  large  number  of  small  driven-well  stations  on  its 
watershed,  from  each  of  which  a  supply  of  from  one  to  five 
million  gallons  per  day  is  obtained.  To  reduce  the  cost  of 
maintenance  and  increase  the  supplv  of  water,  it  was  decided 
to  tiy  a  tile  pipe,  laid  with  open  joints,  surrounded  by  gravel, 
the  bottom  of  the  pipe  being  laid  about  five  feet  below  mean 
high  tide  at  the  central  well  and  extending,  in  an  easterly  and 
westerly  direction,  at  right  angles  to  the  line  of  underground 
flow,  for  a  distance  of  about  one  and  one-quarter  miles  each  way 
from  the  central  well.  The  invert  of  the  pipe  at  the  end  of  the  line 
is  about  two  feet  l)elow  mean  high  tide.  The  pipe  is  laid  with 
open  joints,  surrounded  b^-  gravel,  and  it  is  expected  to  utilize  all 
the  Avater  flo^^ing  through  the  pervious  sand  strata  on  the  south 
side  of  Long  Island.  The  first  of  these  galleries  lias  been  located 
nearWantagh,  Long  Island.  It  consists  of  a  36-inch  vitrified  ])ipe 
at  the  pump  well,  gradually  reducing  to  a  20-inc!i  ])ipe  at  the  end 
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of  the  line.  Where  tlie  gallery  passes  through  the  village  of  Waii- 
tagh  east-iron  pipe  is  used  to  prevent  any  possible  contamination 
and  also  to  avoid  drawing  too  heavily  on  the  ground  water  through 
the  ^'illage.  It  is  expected  to  establish  six  or  seven  additional  gal- 
leries, practically  paralleling  the  entire  conduit  line  from  Massa- 
pequa  to  the  S})ring  Creek  Station,  leaving  out,  however,  the 
territory  in  the  immediate  vicinit}'  of  the  villages  of  Rockville 
Center  and  Freeport. 

No  projects  of  any  magnitude  for  the  increase  of  the  water 
supply  in  New  Jersey  from  outside  the  limits  of  the  watersheds 
already  mentioned  are  being  considered,  but  should  more  water 
be  needed  there  are  numerous  watersheds  to  the  north  and  north- 
west of  the  present  areas  which  might  be  drawn  upon. 

QUALITY    OF   THP]    PRESENT    SOURCES    OF    SUPPLY. 

So  numerous  are  the  sources  that  it  is  difficult  to  make  any 
general  statement  in  regard  to  the  quality  of  the  water  furnished 
to  the  Metropolitan  District  which  will  adequately  express  the 
facts.  It  ma}'  be  said ,  however,  that  from  the  standpoint  of  public 
health,  the  water  supplies  of  New  York  compare  very  fa^'orably 
with  those  of  other  cities  of  the  country.  As  a  rule,  the  sin-face 
waters  are  neither  extremely  high  colored  nor  very  turbid,  except 
for  short  intervals  after  rains.  Like  most  surface  supplies,  the 
water  becomes  unpleasantly  odoriferous  during  the  summer 
months  on  account  of  the  growth  of  microscopic  organisms  in  the 
storage  reservoirs.  The  average  growth  of  these  organisms  is, 
perhaps,  somewhat  greater  here  than  in  the  vicinity  of  Boston; 
which  may  be  due,  in  part,  at  least,  to  the  fact  that  the  stripping 
of  reservoir  sites  is  not  as  generally  practiced  in  this  vicinity  as 
has  been  the  case  with  the  reservoirs  of  the  Boston  Metropolitan 
District.  The  Croton  water  often  smells  bad  during  the  summer, 
and  contains  more  or  less  sediment  which  makes  it  unsightly. 
All  of  the  Croton  reservoirs  were  filled  without  treatment  of  the 
sites,  and  the  result  has  been  the  establishment  of  regular 
growths  of  algse  of  various  kinds  in  all  of  them,  but  especialh'  in 
Croton  Lake  itself.  In  Brookhm  the  Ridgewood  supply  is,  in 
general,  somewhat  less  unattractive,  but  a  few  years  ago  its  con- 
dition was  quite  as  l^ad  as  that  of  the  Croton  water.     What  is 
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true  of  the  Croton  and  Ridge  wood  supplies  is  true  in  a  general  way 
of  the  other  surface  supplies  in  this  vicinity  which  are  used  with- 
out filtration. 

The  ground  waters  near  New  York  are  generally  of  good  quality, 
although  some  of  them  are  hard,  and  a  few  contain  excessive 
amounts  of  iron,  while  some,  which  are  located  near  the  seacoast, 
contain  large  amounts  of  salt. 

From  a  sanitary  standpoint  we  are  in  the  habit  of  judging 
waters  by  the  typhoid  fever  death-rates  of  the  cities  supplied  by 
them.  Considering  the  New  York  Metropolitan  supplies  from 
this  point  of  view,  it  may  be  stated  that  the  typhoid  fever  death- 
rates  in  this  region  are  generalh-  low.  The  average  typhoid  fever 
death-rate  in  New  York  City,  taken  as  a  whole,  is  about  20  per 
100  000,  although  it  varies  in  different  boroughs  and  is  slightly 
different  for  different  years.  As  a  rule,  the  annual  typhoid  death- 
rates  are  somewhat  below  20  in  Manhattan  and  somewhat  above 
20  in  Brooklyn;  in  the  Bronx  they  seldom  exceed  15;  in  Queens 
they  are  between  15  and  20;  in  Richmond  about  20;  in  New 
Jersey  the  typhoid  death-rates  have  a  similar  range.  In  some 
places  they  are  as  low  as  10,  while  in  a  few  cases  they  are  as  high 
as  30.  Without  going  into  the  figures  in  detail  it  may  be  said  that 
the  average  death-rate  from  typhoid  fever  in  those  cities  and 
boroughs  of  the  MetropoUtan  District  which  are  supplied  with 
ground  water  or  filtered  water  is  about  15  per  100  000,  while  in 
those  boroughs  supplied  with  surface  sources  not  filtered  the 
average  death-rate  is  nearer  20.  This  fact  is  not  due  entirely  to 
the  quality  of  the  water,  but  there  is  no  doubt  that  the  water  has 
much  to  do  with  it. 

In  connecti(m  with  this  use  of  typhoid  fever  death-rates  as  an 
index  of  the  quality  of  water,  I  should  like  to  express  my  opinion 
that  the  time  is  coming  when  we  shall  look  not  only  to  the  death- 
rate  from  typhoid  fever  but  to  some  of  the  other  health  statistics. 
It  is  a  well-known  fact  that  typhoid  fever  is  by  no  means  the  only 
disease  which  can  be  transmitted  by  water.  There  is  good  reason 
to  believe  that  many  of  the  common  intestinal  disorders,  especially 
those  which  affect  young  children,  are  caused  by  bacteria  trans- 
mitted through  the  public  water  supply.  Experimental  evidence 
upon  this  ])oint  is  not  very  strong  as  yet,  but  in  some  cases  statis- 
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tics  have  been  obtained  which  show  it  to  be  a  fact.  It  i.s  not 
certain  that  the  bacteria  which  cause  these  troubles  are  due  to 
actual  pollution,  and  it  is  quite  possible  that  some  of  the  more 
common  forms  of  bacteria  found  in  surface  waters  may  be  respon- 
sible for  part  of  the  trouble.  Children  consume  large  quantities 
of  milk,  and  frequently  the  milk  is  diluted  with  water.  Therefore, 
if  the  water  contains  objectionable  bacteria  they  are  likely  to  de- 
velop in  the  milk,  and  their  effect,  therefore,  may  be  multiplied 
a  thousandfold.  When  a  city  changes  its  water  supph^  from  a 
contaminated  water  to  a  filtered  water  there  is  an  immediate 
reduction  in  the  deaths  from  diarrheal  diseases,  and  of  children 
under  five  years  of  age.  This  is  often  greater  than  the  reduction 
in  the  amount  of  typlioid  fever. 

As  an  illustration  of  this  I  should  like  to  call  attention  to  some 
statistics  recently  compiled -from  the  neighboring  cities  of  Albany 
and  Trov. 


Effect  of  Filtration  on  Death-Rates  at  Albany  and  Troy,  N.  Y. 
(Death  Rates  per  100  000.) 


Albany. 

Troy. 

1894-98. 

(Before 

filtration.) 

1900-04. 
(After  fil- 
tration.) 

Differ- 
ence. 

1894-98. 

1900-04. 

If 

Typhoid  fever 

Diarrheal  diseases 

Children  under  5  years     .    . 
Total  deaths 

104 

125 

606 

2  246 

26 
53 

309 
1868 

78 

72 

297 

378 

57 

116 

531 

2  1.57 

57 

102 

435 

2  028 

0 

14 

96 

129 

Percentage 

Reduction  of  Death-] 

Iates. 

Typhoid  fever 

Diarrheal  diseases 

Children  under  5  years     .    . 
Total  deaths  

75 
57 
49 
17 

0 
12 

18 
6 

Filtered  water  was  introduced  into  Albany  in  1899.  The  water 
supply  of  Troy  has  remained  practically  unchanged. 

The  figures  show  the  average  death-rates  for  five  3-ears  before 
and  after  the  introduction  of  filtered  water  at  Alban}',  and  the 
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corresponding  death-rates  for  the  city  of  Troy,  where  the  water 
supply  was  not  materially  changed.  It  will  be  noticed  that 
whereas  the  reduction  in  typhoid  fever  amounted  to  78  deaths 
per  100  000,  the  reduction  in  diarrheal  diseases  amounted  to  72 
deaths  and  the  reduction  in  deaths  of  children  under  five  years  of 
age  was  297  per  100  000  in  Albany.  In  Troy  the  reduction  in  the 
deaths  from  diarrheal  diseases  and  of  children  under  five  years 
of  age  was  much  smaller.  These  cities  are  similar!}-  situated,  and 
their  sanitary  conditions  differ  chiefly  in  their  water  supplies. 
It  is  fair  to  assume,  therefore,  that  the  improvement  in  the  health  of 
the  city  of  Albany  was  due  to  the  filter  which  was  installed  in  1899. 
Another  table  illustrating  this  fact  was  presented  by  Allen 
Hazen  at  the  International  Engineering  Congress  recently  held  in 
St.  Louis.  It  represents  results  obtained  from  many  American 
cities  and  shows  that  there  is  a  reduction  in  the  total  death-rate 
due  to  the  introduction  of  filtered  water  which  is  much  greater 
than  that  accounted  for  by  the  decrease  in  typhoid  fever.  Either 
the  cause  of  other  diseases  must  have  l>een  reduced  by  the  use  of 
filtered  water  or  else  the  general  tone  of  the  public  health  was 
improved  by  the  increased  purity  of  the  water  supply. 

Per  100  000 
Reduction  in  total  death-rate  in  five  cities  with  the  introduction  of  a  pure 

water-supply 440 

Normal  reduction  due  to  general  inipro\ed  sanitary  conditions,  com- 
puted from  average  of  cities  similarly  situated  but  with  no  radical 
change  in  water  supply 137 

Difference,  being  decrease  in  death-rate  attributable  to  change  in  water 

supply 303 

Of  this,  the  reduction  in  deaths  from  typhoid  fever  was 71 

Leaving  decrease  in  deaths  from  other  causes  attributable  to  change  in 
water  supply 232 

In  New  York,  and  especially  in  Brooklyn,  diarrheal  diseases 
akin  to  typhoid  fever  are  sometimes  quite  prevalent,  and  while 
there  is  no  direct  proof  as  yet,  there  is  reason  to  believe  that  these 
are  in  some  way  associated  with  the  qualitv  of  the  water.  The 
death-rate  of  children  under  five  years  of  age  is  also  somewhat  high 
in  our  city.  There  are,  no  doubt,  many  reasons  for  this,  but  among 
them  the  quality  of  the  water  supply  is  certainly  not  the  least. 
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While  the  water  suppUes  of  New  York  are  reasonably  free  from 
pollution  and  while  the  supervision  is  fully  as  elaborate  as  exists 
in  most  American  cities,  yet,  with  so  large  an  area  of  watershed  to 
be  covered,  it  is  manifestly  impossible  to  completely  eliminate  all 
contamination,  and  as  time  goes  on  the  effect  of  this  will  materially 
increase. 

Public  opinion  is  beginning  to  crystallize  in  regard  to  the 
matter,  and  the  need  of  filtering  the  main  supplies  of  New  York 
and  Brooklyn  is  gradually  being  appreciated.  The  advantages 
of  filtration  in  this  city  are  unmistakable  and  it  is  to  be  hoped 
that  when  the  New  England  Water  Works  Association  again 
meets  here  we  shall  not  be  obliged  to  apologize  in  any  way  for 
the  quality  of  the  water  which  runs  from  our  service  taps,  but 
that  we  can  present  you  with  a  glass  of  water  drawn  from  our 
city  mains  equal  in  equality  to  that  of  any  city  in  the  countr3^ 
Years  ago  the  Croton  water  had  an  enviable  reputation  among 
American  cities.  Its  supremacy  has  been  lost  not  through  its 
own  deterioration,  but  because  of  the  improvement  in  the  supj^lies 
of  other  cities.  There  are  sound  sanitary  and  economic  arguments 
in  favor  of  filtration,  but,  even  putting  these  aside,  it  is  to  be 
hoped  that  for  the  sake  of  civic  pride  alone  this  supremac}'  may 
be  regained.  Filtration  of  the  Croton  water,  coupled  with  the 
magnificent  new  supply  which  is  to  be  derived  from  the  Catskill 
Mountains,  will  give  our  great  American  metropolis  almost  the 
best  large  water  supph'  in  the  world. 

FILTRATIOX    IX    THE    VICINITY    OF    NEW    YORK. 

Notwithstanding  the  fact  that  the  water  of  New  York  City 
is  not  filtered  at  the  present  time,  there  is  probably  no  better 
place  in  the  country  to  study  the  development  of  water  filtration 
than  in  the  immediate  vicinity  of  this  city.  Within  a  radius  of 
sevent>'-five  miles  can  be  found  the  first  slow  sand  filter  con- 
structed in  this  country,  and  the  first  mechanical  filter  ever  put 
into  operation  for  a  municipal  plant.  There  can  be  found,  also, 
types  of  the  most  modern  slow  sand  filters,  and  mechanical  filters 
which  embody  man}'  of  the  latest  ideas.  Between  the  earliest 
and  simplest  types  of  filters  and  the  latest  and  more  modern  types, 
many  other  kinds  may  be  found  which  represent  different  stages 
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in  development  and  which  embod}-  differences  in  design  in  order 
to  adapt  them  to  various  kinds  of  waters. 

I  will  now  refer  briefly  to  some  of  the  A'arious  filters  which  are 
to  be  found  in  this  locality.  There  will  not  be  time  to  consider 
any  of  them  in  great  detail,  but  the  descriptions  will  serve  to  give 
an  idea  of  what  is  going  on  around  New  York  in  the  wa}'  of 
filtration. 

POUGHKEEPSIE,    N.    Y. 

The  filters  at  Poughkeepsie  were  the  first  sand  filters  built  in  the 
United  States.  They  were  designed  by  James  P.  Kirkwood  in 
1872.  The  old  filters  are  still  in  use,  but  in  1896  they  were  en- 
larged to  provide  for  the  increased  consumption  in  the  city.  The 
filters  as  originally  constructed  were  not  covered,  but  during  the 
past  year  covers  have  been  added  in  order  to  get  rid  of  the  trouble 
which  has  been  experienced  in  removing  ice  from  the  sand  beds 
during  the  winter.  The  filters  treat  the  water  of  the  Hudson 
River,  which,  at  Poughkeepsie,  is  considerably  polluted,  and  which 
is  frequenth'  too  turbid  to  be  satisfactor}^  as  a  drinking  water. 

The  Poughkeepsie  filters  were  described  in  a  paper  by  the  super- 
intendent, Charles  E.  Fowler,  which  was  given  before  this  associa- 
tion and  which  may  be  found  in  Vol.  XII,  page  209,  of  the  Journal. 

HUDSON,    N.    Y. 

The  filters  at  Hudson  were  built  in  1874,  two  years  after  those 
at  Poughkeepsie.  They  also  were  designed  by  James  P.  Kirk- 
wood. In  1888  they  were  enlarged,  but  since  that  time  the  con- 
sumption has  considerably  increased,  and  they  are  not  now  suffi- 
cient to  satisfactorily  purify  all  the  water  which  the  city  uses. 
The  filters  treat  the  water  of  the  Hudson  River,  which  is  muddy 
and  contaminated,  as  it  is  at  Poughkeepsie.  An  account  of  these 
filters,  prepared  by  H.  K.  Bishop,  superintendent  of  public  works, 
was  given  in  the  Engineering  Neivs  of  August  14,  1902. 

There  are  two  filters,  designated  the  "  old  "  and  the  "  new."  The 
old  filter  has  an  area  of  about  9  000  square  feet.  The  new  filter, 
which  is  at  a  somewhat  higher  elevation,  has  an  area  of  23  000 
square  feet.  The  old  filter  is  practically  a  storage  reservoir  with 
the  lower  half  occupied  by  the  filtering  material.  The  filtered 
water  passes  from  it  to  a  clear  water  l)asin  adjacent  to  it.     This 
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Fig.  1.     Old  Filter  at  Poughkeepssie,  N.  Y., 'showing 
Removal  of  Ice. 


Fig.  2.     Interiok  of  Covered  Filterat  Poighkeepsie  (uncomplete) 


Plate  II. 


Fig.  1.     Old  Filter  and  Clear  Water  Reservoir  at  Hudson,  N.  Y. 


Fi(i.  2.     Old  Filtrk  Beds  at  Far  K(X'Ka\vay,  Long  Island. 
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clear  water  basin  also  receives  the  filtered  water  from  the  new 
filter,  located  above  it.  The  new  filter  is  now  in  ])rocess  of 
reconstruction. 

HEMPSTEAD,    L.    I. 

The  filter  at  Hempstead,  L.  I.,  while  of  recent  date,  is  perhaps 
the  simplest  type  of  filter  in  use  in  the  New  York  Metropolitan 
District.  It  consists  of  an  area  of  natural  sand  surrounded  by 
earth  embankments,  and  under-drained  with  a  rectangular  system 
of  tile  drains  which  discharge  through  a  main  collector  into  Hemp- 
stead Pond,  which  is  adjacent  to  the  filter  and  somewhat  below 
it  in  elevation.  From  this  pond  the  water  flows  by  gravity  into 
the  conduit.  This  filter  treats  part  of  the  water  of  Hempstead 
Stream,  which  becomes  much  polluted  as  it  passes  through  the 
village  of  Hemixstead.  In  its  purpose  and  general  construction  it 
resembles  the  Pegan  filter  at  Natick,  Mass.,  which  treats  the  water 
of  Pegan  Brook.  The  beds  have  an  area  of  0.6  acre  each  and 
are  designed  to  filter  between  2J  and  3  million  gallons  per  acre 
per  day.  The  sand,  wliich  was  found  in  situ,  has  an  effective  size 
of  .27  mm.  The  drainage  system  consists  of  an  18-inch  main  pipe 
laid  at  one  side  of  the  bed,  with  6-inch  laterals  running  across 
the  bed,  108  feet  long  and  10  feet  apart.  These  ]Dipes  are  sur- 
rounded b}"  coarse  gravel  18  inches  wide  and  16  inches  deep,  with 
21  inches  of  fine  gravel  on  the  top.  The  high-water  elevation  on 
the  filters  stands  about  7  feet  higher  than  the  maximum  elevation 
of  the  pond  into  which  the  effluent  discharges.  The  discharge  is 
controlled  by  weirs  on  the  effluent  pipes.  The  total  cost  of  the 
beds  was  $11  000.  This  low  cost  was  due  to  the  simple  form  of 
construction  and  to  favorable  conditions  at  the  site. 

Not  only  are  these  filters  simple  in  construction  but  they  are 
also  operated  in  a  simple  manner.  The  water  flows  through  them 
with  almost  no  regulation  and  the  attention  required  is  therefore 
very  little.  When  the  surface  of  the  fllter  becomes  clogged  the  sand 
is  not  removed  in  the  usual  way  by  scraping,  but,  instead,  the 
sediment  is  washed  off  by  means  of  flowing  water  applied  to  the 
surface.  For  this  purpose  planks  are  set  on  edge  so  as  to  divide 
the  filter  longitudinally  into  channels  15  and  20  feet  wide.  Raw 
water  from  the  adjacent  filter  is  then  allowed  to  flow  slowly  down 
these  channels,  the  surface  of  the  sand  being  raked  meanwliile  in 
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order  to  loosen  the  sediment  so  that  it  will  be  carried  away  with 
the  flowing  water.  The  rate  of  flow  is  so  adjusted  that  practically 
no  sand  is  lost,  and  the  result  is  said  to  be  practically  as  good,  so 
far  as  it  affects  the  efficiency  of  the  filters,  as  the  more  expensive 
method  of  scraping  the  sand  and  washing  it.  This  method  of 
scraping  is  a  novel  one  in  this  country  although  it  has  been  used  to 
some  extent  abroad.  While  it  may  be  applicable  in  this  case,  it 
is  doubtful  if  it  would  work  satisfactorily  with  waters  which  con- 
tain sediment  composed  chiefl}'  of  clay. 

The  cost  of  operation,  including  interest  charges  and  all  mate- 
rials and  labor,  is  estimated  by  the  water  department  as  $1.04 
per  million  gallons.  Of  this  about  two  thirds  represents  interest 
on  the  investment.  The  bacterial  efficiency  of  the  filter  is  ex- 
cellent. The  number  of  bacteria  in  the  raw  water  varies  from 
200  or  300  up  to  8000,  but  it  is  seldom  that  the  number  of  bacteria 
in  the  filtered  water  exceeds  50.* 

FOREST   STREAM,    L.    I. 

The  filters  at  Forest  Stream  are  somewhat  similar  to  those  at 
Hempstead,  having  no  water-tight  floor  and  having  the  side  walls 
constructed  of  earth  embankments.  They  are  similar  also  in  hav- 
ing no  elaborate  system  of  regulating  the  flow.  They  differ,  how- 
ever, from  the  Hempstead  filters  in  that  the  filter  bed  is  not  a 
natural  one  but  is  made  of  washed  sand.  As  the  filters  are  at  a 
somewhat  low  level  compared  with  the  ground  water  table  and  as 
there  is  no  filter  floor,  the  drains  collect  some  ground  water,  but 
thus  far  no  trouble  has  been  experienced  from  this  source.  The 
beds  were  constructed  by  excavating  to  the  desired  grade  and 
placing  6  inches  of  coarse  gravel  and  2  inches  of  fine  gravel  over 
the  bed.  Below  the  laterals  the  bottom  was  excavated  so  as  to 
have  drains  18  inches  wide  and  8  inches  deep  in  which  coarse 
gravel  was  placed.  Coarse  and  fine  gravel  was  also  placed  above 
the  laterals.  The  filter  beds  have  a  combined  area  of  2.5  acres, 
and  are  three  feet  deep.  The  sand  itself  has  an  effective  size 
of  .28  to  .30  mm.  Most  of  it  was  obtained  b}'  washing  material 
taken  from  the  excavation. 

♦These  and  other  data  regarding  the  Brooklyn  filters  were  kindly  furnished  by  Mr. 
I.  M.  de  Varona,  chief  engineer,  department  of  water  supply,  gas  and  electricity. 
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Fig.  1.     Sand  FiLTEu  at  Hempstead,  Long  Island. 


Fig.  2.     Sand  Filter  at  Hempstead,  Long  Island,  showing 

EFFr.rENT   DISrHARGING    INTO    HeMPSTEAD    POND. 
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JThe  operation  of  the  beds  is  controlled  by  a  pump.  At  the 
present  time  the  beds  are  cleaned  by  scraping,  but  it  is  intended 
to  make  arrangements  by  which  they  can  ])e  washed  as  in  the 
ease  of  the  Hempstead  filters.  The  efficiency  is  said  to  be  good. 
The  number  of  bacteria  in  the  raw  water  varies  from  400  to  about 
8  000,  while  the  number  of  bacteria  in  the  effluent  is  ordinaril}^ 
below  50  and  seldom  more  than  200.  The  quantity  of  water 
filtered  varies  from  2  to  3|  million  gallons  per  acre  per  day.  The 
original  cost  of  this  plant  was  $40  000. 

FAR    ROCKAWAY,    L.    I. 

Far  Rockaway,  an  important  suburban  commimity  in  the 
borough  of  Queens,  and  also  a  somewhat  noted  summer  resort,  is 
supplied  with  water  from  driven  wells,  which  is  filtered  in  order  to 
remove  the  iron  it  naturally  contains.  These  filters  were  con- 
structed in  1896.  The  plans  were  drawn  by  Allen  Hazen,  consult- 
ing engineer.  The  original  plant  consisted  of  two  sand  beds,  which 
had  a  combined  area  of  40  000  square  feet.  The  sand  used  was 
natural  sand,  found  in  the  immediate  locality.  Before  the  water 
passes  over  the  beds  it  receives  a  certain  amount  of  aeration  by 
spilling  over  the  edge  of  an  upright  pipe.  This  aeration  serves  to 
remove  the  free  carbonic  acid  from  the  water  and  to  oxidize  the  iron 
which  is  present  so  that  it  really  precipitates  in  the  form  of  ferric 
oxide.  This  precipitation  occurs  over  the  sand  bed  and  there  is 
formed  on  the  top  of  the  sand  a  thick  brown  la^'er,  while  the  water 
leaving  the  filter  is  almost  free  from  iron  and  perfectly  satisfactory 
for  domestic  use.  As  the  filters  are  open,  filamentous  algse  develop 
in  great  numbers  on  the  top  of  the  sand,  and  the  iron  rust  becomes 
mixed  in  with  them  to  such  an  extent  that  when  the  beds  are 
cleaned  there  is  a  tenacious  scum  on  the  sand  which  may  be  rolled 
up  like  a  carpet.  This  materially  increases  the  ease  with  Mhich  the 
beds  are  cleaned.  A  full  description  of  this  filter  plant  as  first 
constructed  may  be  found  in  the  Engineering  News,  April  12,  1900. 
Recently  the  plant  has  been  enlarged  under  the  direction  of  the 
chief  engineer,  Mr.  Charles  R.  Bettes. 

NYACK,    N.    Y. 

The  village  of  Nvack  is  situated  on  the  west  bank  of  the  Hudson 
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River,  28  miles  from  New  York  City.  Its  water  siippply  is  taken 
from  one  of  the  tributaries  of  the  Hackensack  River.  Slow  sand 
filtration  was  introduced  in  1899.  The  general  plans  were  drawn 
by  Allen  Hazen,  consulting  engineer,  in  1897,  but  were  afterwards 
modified  somewhat  by  L.  L.  Tribus,  to  adapt  them  to  local  con- 
ditions. 

There  are  two  beds,  160  feet  by  120  feet.  The  sand  is  3  feet 
thick,  resting  on  1  foot  of  gravel.  The  present  consumption 
is  650  000  to  700  000  gallons  per  day. 

This  filter  was  described  in  the  Engineering  Record,  April  28, 
1900. 

YONKERS,    N.    Y. 

The  filter  plant  at  Yonkers  was  constructed  in  1903  from  plans 
and  specifications  also  drawn  by  Allen  Hazen,  consulting  engineer. 
The  plant  was  designed  to  fit  special  conditions,  and  for  this 
reason  it  differs  somewhat  from  the  ordinary  layout.  It  is  a 
slow  sand  filter  with  two  beds  of  about  one-half  acre  each,  and 
a  clear  water  reservoir  which  holds  about  200  000  gallons.  The 
filters  are  not  covered.  The  level  of  the  filtering  surface  is  below 
the  water  level  of  the  river  and  water  is  delivered  to  it  by  gravity. 
From  the  collecting  drains  water  flows  to  the  clear  water  well  and 
is  then  pumped  to  the  distributing  reservoir,  the  pumping  station 
and  filter  being  on  opposite  sides  of  the  river.  The  filter  was  not 
covered  as  it  was  not  expected  to  be  used  much  during  the  winter. 
The  filter  is  provided  with  the  usual  appurtenances  for  washing 
sand,  etc.  The  results  obtained  by  this  filter  are  excellent.  De- 
scription of  it  may  be  found  in  the  Engineering  Record,  July  2, 
1904. 

ALBANY,    N.    Y. 

Although  Albany  is  at  some  distance  from  the  New  York 
Metropolitan  District,  yet  references  to  filters  in  this  vicinity 
would  not  be  complete  unless  this  plant  were  mentioned.  It  was 
built  in  1899  by  Allen  Hazen,  chief  engineer,  and  its  construc- 
tion marked  an  epoch  in  water  filtration  in  this  country.  It  stands 
as  the  prototype  of  our  American  modern  methods  of  slow  sand 
filtration,  and  many  filters  have  since  been  built  along  similar  lines. 
A  full  description  of  the  filter  was  given  by  :\Ir.  Hazen  in  the  Trans- 
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actions  t)f   the  American  Society  of  Civil  Engineers  for  the  year 
1899. 

The  plant  has  given  excellent  satisfaction  and  has  resulted  in 
the  improvement  of  the  health  of  the  city  as  already  pointed  out. 

POUGHKEEPSIE    STATE    HOSPITAL. 

A  much  smaller  but  equally  interesting  filter  of  the  covered 
slow  sand  filter  type  is  that  which  has  recently  been  put  in 
operation  at  the  state  hospital  at  Poughkeepsie.  This  filter 
treats  the  water  of  the  Hudson  River  as  does  the  city  filter  at 
Poughkeepsie.  The  filter  consists  of  two  beds  which  have  a  com- 
bined area  of  one  third  of  an  acre;  its  nominal  daily  capacity  is 
about  one  million  gallons. 

The  most  interesting  feature  in  connection  with  this  filter  is  the 
arrangement  for  washing  the  sand.  The  sand  court,  instead 
of  being  located  beside  the  filter  beds,  is  placed  upon  the  roof, 
which  at  this  point  is  reinforced  with  steel.  By  means  of  a 
portable  ejector  the  dirty  sand  scraped  from  the  bed  is  forced 
at  once  to  a  sand  washer,  where  it  is  washed  by  means  of  an  upward 
current  of  water.  This  washer  is  somewhat  higher  than  the  floor 
of  the  sand  court,  upon  which  the  clean  sand  falls  and  where  it 
it  is  stored  ready  to  be  replaced  in  the  sand  beds  when  needed. 

The  sand  washer  deserves  more  minute  description.  It  con- 
sists of  a  concrete  box  with  five  compartments.  The  dirty  sand, 
mixed,  of  course,  with  the  water  from  the  ejector,  enters  a  com- 
partment in  one  corner  and  flows  over  a  weir  into  the  second 
compartment.  At  the  bottom  of  this  second  compartment  there 
are  several  lines  of  perforated  brass  pipe  through  which  water  is 
admitted.  The  upward  velocity  of  the  water  washes  the  sand  and 
carries  with  it  the  fine  particles  of  dirt  which  remain  in  suspension 
while  the  sand  itself  naturally  works  its  way  across  the  sloping 
bottom  of  the  compartment  to  an  outlet  through  which  it  passes 
and  falls  upon  the  sand  court.  The  dirty  water  flows  over  a  weir 
on  one  side  into  the  third  compartment  and  then  successively 
into  the  fourth  and  fifth  compartments.  These  serve  to  prevent 
the  loss  of  the  smaller  sand  grains.  The  dirty  water,  of  course, 
passes  eventually  to  the  sewer.  This  method  of  sand  washing 
is  ver\^  simple  and  eminently  satisfactory  and  seems  destined  to 
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replace  the  more  complicated  method  of  washing  by  means  of  the 
sand  operators  of  the  ejector  type  as  shown  in  connection  with  the 
Albany  filters. 

This  filter  was  designed  by  Allen  Hazen,  consulting  engineer, 
and  a  complete  description  of  it  may  be  found  in  the  Engineering 
Record,  January  7,  1905. 

PRIVATE    ESTATE    ON    THE    HUDSON. 

Anothering  interesting  slow  sand  filter  is  located  not  far  from 
the  one  just  mentioned  and  also  treats  the  water  of  the  Hudson 
River.  It  was  designed  by  Messrs.  Hering  and  Fuller.  In 
this  case,  however,  the  situation  required  that  the  water  should  not 
only  be  pure  and  wholesome  but  that  it  should  be  also  absolutely 
clear  of  all  color  and  turbidity.  The  water  is  used  on  the  country 
estate  of  one  of  our  well-known  millionaires.  It  is  used  for  drink- 
ing and  for  bathing  purposes  as  well,  and  in  this  case  the  require- 
ments for  the  latter  purpose  were  far  more  stringent  than  for  the 
former.  The  accompanying  photograph,  Plate  IV,  Fig.  1,  shows 
the  bathing  tank  lined  with  white  tiles,  and  in  this  tank  the 
slightest  trace  of  color  or  turbidit}-  would  be  quite  noticeable  and 
would  seriously  offend  the  esthetic  tastes  of  those  who  bath  in 
this  luxurious  manner. 

In  order  to  obtain  a  water  which  will  meet  all  the  conditions  it 
was  necessary^  to  use  alum  as  a  coagulant.  The  plant  consists  of 
a  settling  basin,  filter  beds  in  duplicate,  and  a  clear  water  reservoir, 
all  of  which  are  covered.  Practically  the  entire  plant  is  of  con- 
crete construction.  This  filter  is  interesting  as  it  represents  an 
intermediate  type  between  slow  sand  filtration  and  mechanical 
filtration. 

SOMERVILLE,    N.    J. 

The  first  mechanical  filter  used  in  this  countrj^  in  connection 
with  municipal  supplies  was  located  in  Somerville,  N.  J.  It  was 
constructed  in  1885,  under  the  old  H3'att  patents.  The  original 
filters  have  been  removed  and  their  place  has  been  taken  by  other 
pressure  filters  furnished  by  the  New  York  Continental  Jewell 
Filtration  Company. 

LONG    BRANCH,    N.    J. 

The  water  supply  of  Long  Branch  is  furnished  by  the  Tintern 
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Fig.  1.     Swimming  Tank  on  Private  Estate  on  Hudson  River,  siipplied 
WITH  Filtered  Water  from  a  Modified  Slow  Sand  Filter. 


Fig.  2.     Pumping  Statiun,  Coagulation  Basin,  and  Filtei:,  Private 
EsT.\TE  on  Hudson  River. 
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Manor  Water  Company .  The  plant  consists  of  twelve  gravity  filter 
units  and  three  pressure  filter  units,  each  of  which  has  a  capacity 
of  one  million  gallons  per  day.  The  quantity  of  water  now  fil- 
tered, however,  is  only  seven  million  gallons  a  day.  All  of  the  filters 
were  supplied  by  the  New  York  Continental  Jewell  Filtration 
Company. 

]VL\MARONECK  AND    POCANTICO. 

At  each  of  these  places  there  are  pressure  filters  which  have  a 
capacity  of  about  two  million  gallons  a  day.  The  steel  filter  tanks 
are  25  feet  long  and  8  feet  in  diameter.  In  the  case  of  Pocantico 
there  is  an  85  million  gallon  storage  reservoir  from  which  the  water 
flows  by  gravity  to  a  coagulation  tank  20  feet  in  diameter  and  20 
feet  high,  after  which  it  flows  by  gravity  through  the  pressure 
filters  to  the  pumping  engines.  These  works  are  controlled  by 
the  New  York  Interurban  Water  Company.  The  water  from 
the  Mamaroneck  filters  supplies  Mamaro neck,  and  those  of  Pocan- 
tico supph'  Tarrytown,  North  Tarrytown,  and  some  of  the  villages 
in  that  section.  The  water  supplies  of  Larch mont  and  Port- 
chester  are  also  filtered. 

SPRINGFIELD,    L.    I. 

Two  of  the  streams  which  form  a  part  of  the  Brooklyn  water 
supply  are  filtered  b}'  mechanical  filters  before  the  water  is  pumped 
into  the  aqueduct.  One  of  these  is  located  at  Springfield  Pond 
and  the  other  at  Baiseley's  Pond.  These  filters  were  built  on 
plans  furnished  by  the  contractors,  the  specifications  requiring, 
however,  certain  results  as  to  bacterial  purification,  amount  of 
coagulant,  etc.  This  method  of  obtaining  filters  proved  to  be  far 
from  satisf actors'.  The  filters  first  furnished  failed  to  meet  the 
required  tests  and  had  to  be  rebuilt,  while  the  initial  cost  was  very 
high.  The  plans  originally  used  were  modified  under  the  direction  of 
George  W.  Fuller,  consulting  engineer,  and  Robert  Spurr  Weston. 
At  the  present  time  both  plants  are  giving  excellent  results, but 
this  can  be  attributed  more  to  good  management  than  to  original 
design.  Both  plants  are  likely  to  demand  heavy  outlays  for 
depreciation. 

The  plant  at  Springfield  has  a  nominal  capacity  of  three  million 
gallons  a  day.     It  consists  of  two  sedimentation  tanks,  six  filter 
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tanks,  and  one  filtered  water  tank,  all  made  of  wood.  The  plant 
has  also  the  usual  tanks  for  preparing  the  solution  of  alum  which 
is  used  as  a  coagulant.  The  efficiency  of  the  plant  is  said  to  be 
excellent,  the  average  bacterial  removal  being  about  98.5  per  cent., 
w^hile  the  amount  of  alum  used  is  ordinarily  less  than  1  grain  per 
gallon,  although  at  times  more  than  2  grains  are  necessar}'.  On 
account  of  the  low  alkalinity  of  the  raw  water  it  is  necessar}-  to 
occasionally  use  soda  in  addition  to  the  alum.  The  amount  of 
wash  water  is  generally  between  4J  and  6  per  cent.  The  cost  of 
filtration  at  this  plant  is  said  to  be  $8.91  per  million  gallons, 
of  which  $2.89  represents  interest  and  sinking  fund,  $4.35  labor, 
and  $1.57  materials  including  chemicals.  No  allowance,  however, 
was  made  for  depreciation, 

A  description  of  this  filter,  as  well  as  the  one  at  Baiseley's,  may 
be  found  in  the  Enqineering  Record,  August  26.  1905. 


The  filter  plant  at  Baiseley's  Pond,  L,  I.,  is  a  practical  duplicate 
of  the  one  at  Springfield  Pond,  but  its  nominal  capacity  is  5  million 
gallons  per  day  instead  of  3  million  gallons.  This  filter  is  somewhat 
more  difficult  to  operate  than  the  one  at  Springfield  ou  account 
of  the  occasional  presence  of  immense  growths  of  algse  in  the  raw 
W'ater.  This  has  a  very  important  effect  on  the  amoinit  of  wash 
water, 

Mr,  D,  D,  Jackson  has  already  described  how  the  use  of  copper 
in  Baiseley's  Pond  has  improved  the  operation  of  this  filter. 

The  cost  of  filtration  at  Baiseley's  during  the  last  six  months 
of  1904  w-as  said  to  be  $6,46  per  million  gallons,  which  included 
$2,21  for  interest  and  sinking  fund,  $2,53  for  labor,  and  $1.72 
for  other  supplies,  but  which  did  not  include  depreciation, 

little  falls,  n.  j. 
The  Little  Falls  filter  is  ^\Q\\  known  as  the  first  large  mechanical 
filter  constructed  on  modern  lines  in  the  United  States.  It  was 
built  in  1899  by  the  East  Jersey  Water  Company  from  general 
plans  prepared  by  George  W.  Fuller,  consulting  engineer,  and  Chas. 
L,  Parmelee,  civil  engineer.  The  nominal  capacity  of  this  plant 
is  32  million  gallons  a  day.     This  plant  is  so  well  known  and  has 
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Fig.  1.     Mechanical  Filter  at  Mamaroneck,  N.  Y, 


Fig.  2.     Mechanical  I'ilieu  at  Baiseley's,  Long  Island. 
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been  so  frequently  described  that  it  is  not  necessary  to  present 
here  a  detailed  description.  It  is  sufficient  to  state  that  in  opera- 
tion it  is  giving  excellent  results.  A  very  complete  description 
of  this  filter,  by  Mr.  Fuller,  may  be  found  in  the  Transactions  of 
the  American  Society  oi  Civil  Engineers,  Vol.  1,  page  394,  1903. 

HACKENSACK    FILTER. 

The  second  largest  mechanical  filter  in  this  country  is  now 
being  completed  at  New  Milford,  N.  J.  It  is  being  built  by  the 
Hackensack  Water  Company  and  was  designed  by  George  W. 
Fuller,  consulting  engineer.  It  is  expected  to  be  put  into  opera- 
tion next  month.  This  plant  has  a  nominal  capacity  of  24  million 
gallons  a  day.  Water  is  pumped  from  the  conduit  from  the  Hack- 
-ensack  River  into  a  sedimentation  basin,  where  it  passes  from  one 
end  to  the  other  and  flows  to  the  filters  by  gravity.  The  filters  con- 
sist of  eight  beds,  each  of  which  has  a  capacity  of  three  million 
gallons  a  day.  The  alum  soluti(Mi  is  added  to  the  water  in  the 
gatehouse  before  it  enters  the  sedimentation  basin. 

There  are  several  unique  features  in  connection  with  this  plant. 
Perhaps  the  most  cons])icu{)Us  is  the  concrete  wash-water  tank, 
located  outside  the  filter  house.  This  is  built  of  reinforced  con- 
crete and  has  a  capacity  of  1 10  000  gallons.  It  is  43  feet  in  diameter 
and  10^  feet  deep,  and  about  30  feet  above  the  filter.  Its  walls 
are  12  inches  thick.  Under  this  tank  are  8  steel  cylindrical  tanks 
for  holding  compressed  air  which  is  used  in  washing  the  filter. 
The  wash-water  pumps  and  air  compressors  are  both  driven  by 
Pelton  wheels.  The  tanks  for  mixing  and  applying  the  chemicals 
are  located  in  one  end  of  the  building  on  the  second  and  third 
stories.  There  is  also  a  well-equipped  laboratory  for  looking  after 
the  operation  of  the  plant. 

The  filter  beds  are  of  unusually  large  size.  A  new  style  of 
strainer  is  used,  constructed  largely  of  concrete  with  perforated 
plates.  On  account  of  the  large  size  of  the  beds,  especial  care  has 
been  taken  to  secure  a  uniform  distribution  of  water  and  air.  It 
has  been  the  intention  to  eliminate  patented  devices  from  this 
plant  as  far  as  possible. 

A  complete  description  of  this  plant  may  be  found  in  the 
Engineering  Record,  November  12,  1904. 
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THE  USE  OF  COPPER  SULPHATE  AND  METALLIC 
COPPER  FOR  THE  REMOVAL  OF  ORGANISMS  AND 
BACTERIA  FROM  DRINKING  WATER.— A  SYMPOSIUM. 

[September  15,  1905.'] 


The  LI^se   of  Copper  Sulphate  as  an  Algicide. 
by  dr.  george  t.  moore,  washington,  d.  c. 

Members  of  the  New  England  Water  Works  Association,  —  I  am 
very  glad  indeed  to  have  an  opportunity  of  meeting  with  you 
here  to-day  and  to  open  this  discussion,  which,  I  hope,  will  be 
most  profitable  to  all  of  us.  As  I  understand  it,  I  am  simply  to 
introduce  the  subject  and  furnish  the  basis  for  the  more  impor- 
tant papers  which  are  to  follow.  For  this  reason  I  shall  run  over 
very  briefly  the  history  of  the  work  in  this  country,  and  I  shall 
hope  to  bring  up  any  special  points  at  the  end  of  the  discussion 
rather  than  at  the  beginning. 

It  is  not  necessary  for  me  to  refer  to  the  effect  on  water  of  the 
plants  known  as  algae.  Most  members  of  this  association  know 
of  the  condition  produced  by  these  organisms,  many  from  personal 
experience.  My  experience  began  some  seven  or  eight  years  ago 
when  I  lived  in  New  England  and  had  occasion  to  come  in  personal 
contact,  as  it  were,  with  waters  affected  in  this  way. 

The  first  piece  of  scientific  work  which  I  had  occasion  to  publish 
related  to  the  life  history  of  uroglena;  the  material  for  study  I 
obtained  at  Norwood,  Mass.,  where  I  had  opportunity  to  note  the 
condition  produced  in  water  by  this  plant. 

After  leaving  Cambridge  and  going  to  New  Hampshire,  I  was 
still  engaged  upon  the  problem  of  algal  pollution,  and  I  tried  a 
considerable  number  of  experiments,  but  because  the  material 
with  which  I  had  to  work  was  limited,  the  matter  ran  along  without 
much  being  accomplished,  and  after  a  year  or  two  I  went  to 
Washington. 

In  that  fall,  arrangements  were  made  with  the  Massachusetts 
State  Board  of  Health  to  establish  a  temporary  laboratory  in  the 
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State  House,  and  Mr.  Kellerman,  who  has  been  associated  with  me 
in  this  work,  and  I  went  to  Boston  and  spent  some  two  or  three 
months  there.  The  faciUties  there  for  procuring  organisms  w^iich 
produce  trouble  in  water  supphes  were  very  good  indeed,  and  we 
had  an  opportunity  to  carry  on  experiments  which,  under  ordinary 
circumstances,  would  have  required  years  of  preparation  in  order 
to  elaborate  the  machinery  for  getting  the  proper  samples.  We 
were,  therefore,  able  to  obtain  results  which  might  have  required 
very  much  longer  had  we  not  enjoyed  the  courtesies  extended  by 
the  Massachusetts  State  Board  of  Health. 

Our  idea  was,  of  course,  to  find  something  which  would  be  more 
efficient,  cheaper  than  any  method  then  known  or  used  or  recom- 
mended by  engineers  for  the  destruction  or  prevention  of  the 
growth  of  algse  in  water  supplies,  and,  of  course,  harmless.  The 
most  profitable  line  of  research  seemed  to  be  one  involving  the  use 
of  some  substance  which  was  toxic  to  the  plants  themselves,  but 
which  could  be  used  in  such  minute  quantities  that  the  question 
of  the  effect  upon  man  would  be  one  which  could  be  eliminated. 

Of  course,  the  work  of  Naegeli,  Israel,  and  Klingman,  and  other 
early  investigators  in  physiology,  furnished  us  a  basis.-  Although 
a  large  number  of  substances  were  tried,  it  was  very  soon  seen 
that  the  heavy  metals  were  going  to  be  the  things  which  would 
prove  most  toxic  in  the  smallest  quantities.  Gold  and  silver 
naturally  had  to  be  eliminated  on  account  of  the  expense,  although 
silver,  particularly  in  minute  quantities,  is  very  toxic  to  these  forms. 
Mercury  had  to  be  left  out,  of  course,  on  account  of  its  poisonous 
effects  upon  man;  and  it  w^as  a  very  simple  process  of  elimination 
to  arrive  at  copper  as  the  thing  which  warranted  the  most  exten- 
sive experiments. 

The  first  report  which  was  ever  presented  by  us  on  the  use  of 
any  toxic  substance  for  the  destruction  of  algae  was  a  confidential 
report  submitted  to  the  Massachusetts  State  Board  of  Health 
some  four  years  ago  this  winter. 

The  first  practical  use  of  copper  sulphate  as  an  algicide  was  in 
connection  with  water-cress  beds  in  Virginia.  Here,  after  the 
first  crop  of  cress  was  cut,  the  remaining  plants  being  very  small 
and  growing  in  water  from  a  thermal  spring  with  a  temperature 
of  about  70°  the  year  round,  the  conditions  were  most  favor- 
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able  for  the  growth  of  algsD.  Great  carpets  would  form  over 
the  beds  and  smother  out  the  young  and  delicate  cress,  causing 
the  loss  of  about  half  the  crop.  The  beds  were  perhaps  two 
hundred  yards  wide  and  a  quarter  of  a  mile  long,  cut  off  by  tem- 
porary dams  for  the  purpose  of  flooding  the  cress  in  case  of 
freezing  weather. 

The  copper  was  first  applied  by  a  spray  pumjj  in  the  form  of  a 
strong  solution.  It  seems  ludicrous  now  that  we  should  have 
attempted  to  do  it  in  this  way,  but  the  general  practice  of  using 
germicides  and  fungicides  led  us  to  try  it.  Wherever  the  solution 
came  in  contact  with  the  algae  it  killed  them,  but  the  copper  was 
thrown  out  of  solution  before  it  penetrated  the  great  mass  of  alga3 
and  the  result  was  not  satisfactory.  It,  therefore,  became  neces- 
sary to  use  some  other  method,  and  applying  the  copper  sulphate 
in  crystal  form,  tying  it  up  in  a  bag  and  dragging  it  back  and 
forth  through  the  water,  was  resorted  to. 

The  solution  used  in  this  particular  case  was  very  dilute,  being 
about  one  to  fifty  million.  The  conditions  were  extremely  favor- 
able, on  account  of  the  temperature  of  the  water,  for  getting  the 
highest  toxic  effect  possible,  and  the  elimination  of  the  algse 
with  this  dilution  was  complete.  As  a  matter  of  fact,  after  the 
first  treatment,  which  completely  cleared  the  beds  of  the  growth, 
it  was  not  necessary  to  resort  to  it  again  for  about  six  months, 
and  at  that  time  the  quantity  was  decreased  so  that  eventually, 
although  copper  was  applied  every  six  or  eight  months  as  a  matter 
of  precaution,  it  really  was  not  at  all  necessary.  But,  as  I  said, 
this  was  a  condition  where  everything  was  extremely  favorable 
for  the  use  of  the  copper  method. 

Later,  other  opportunities  occurred  for  testing  the  method  in 
various  water  supplies,  and  most  of  you  must  be  more  or  less 
familiar  with  the  results  of  the  use  of  copper  sulphate  for  the  de- 
truction  of  algse  in  reservoirs.  It  is  not  necessary  to  refer  to 
these  cases  at  this  time,  although  I  hope  that  questions  during 
the  discussion  will  bring  out  points  regarding  such  treatment. 

Just  a  word  in  regard  to  the  limitations  of  the  method.  Of 
course,  the  whole  process  is  dependent  upon  a  specific  quantity 
of  copper  in  solution,  very  minute  to  be  sure,  coming  in  contact 
with  the  algse.  or  being  in  such  a  condition  as  to  be  absorbed  by 
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these  plants.  In  a  closed  reservoir  through  which  there  is  no 
very  great  current,  and  where  the  water  does  not  change  very 
rapidly,  the  conditions  are  naturally  very  much  more  favorable 
than  they  would  be  in  a  supply  where  the  water  changes  frequently 
and  the  current  is  considerable.  Most  important  of  all  is  the 
question  of  the  selective  toxicity  of  the  organisms  themselves. 
I  refer  to  this  because  not  a  great  while  ago  a  very  eminent  author- 
ity in  this  country,  in  discussing  this  very  question  of  the  use  of 
copper  sulphate,  made  the  statement  that  it  was  a  well-know-n 
fact  that  all  organisms  responded  in  precisely  the  same  way  to  all 
toxic  substances.  Certainly  neither  our  practical  experience  nor 
theoretical  knowledge  regarding  the  use  of  copper  in  the  destruc- 
tion of  algse  bears  out  that  statement.  As  we  have  tried  to  point 
out  from  the  very  first,  some  organisms  are  very  much  more  sus- 
ceptible to  the  action  of  copper  than  others,  and  it  is  absolutely 
essential  that  we  know  the  specific  plant  to  be  destroyed,  before 
any  definite  recommendation  can  be  made.  It  may  mean  the 
use  of  copper  sulphate  at  the  rate  of  one  part  to  fifty  milhon  parts 
of  water,  it  may  mean  using  it  at  the  rate  of  one  part  to  one  million, 
or  it  may  mean  that' it  cannot  be  used  at  all;  because  there  is  no 
question  that  certain  organisms  are  so  resistant  to  the  action  of 
copper  that  under  ordinary  circumstances  it  is  not  practicable  to 
resort  to  this  method. 

It  is  conceivable  that  a  large  reservoir  might  be  polluted  with 
a  certain  alga  which  would  naturally  be  so  resistant  to  the  action 
of  copper  sulphate  that  it  would  not  be  practicable  to  use  it. 
Fortunately,  however,  the  organisms  which  generally  occur  and 
which,  certainly  in  this  country,  are  most  abundant  and  produce 
the  worst  odors  and  tastes,  are  the  most  susceptible  to  the  action 
of  copper.  The  same  is  true  regarding  the  pathogenic  germs, 
those  of  typhoid  and  cholera  being  among  the  most  susceptible 
organisms  to  the  toxic  effect  of  copper.  The  fact  that  these  germs 
do  not  form  resistant  spores  makes  it  possible  to  resort  to  the 
copper  method. 

It  is  absolutely  essential  to  have  a  microscopical  examination 
in  order  to  determine  the  algse  responsible  for  the  difficulty  before 
any  definite  prescription  can  be  given.  From  the  very  first,  every 
effort  has  been  made  to  emphasize  the  fact  that  the  use  of  copper 
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sulphate  for  the  purification  of  a  water  supply,  or  the  destruction 
of  algffi  anywhere,  cannot  be  considered  a  general  shotgun  method. 
It  must  be  used  intelligently.  Although  there  still  exists  a  differ- 
ence of  opinion  regarding  the  possible  harm  from  copper,  there 
can  be  no  doubt  about  the  fact  that  a  man  should  have  all  the 
necessary  information  before  resorting  to  copper,  and  most  impor- 
tant of  all,  for  the  destruction  of  algse,  is  to  know  the  form  which 
is  to  be  destroyed. 

The  question  of  the  ])resence  of  fish  in  the  water  is  one  which 
ought  to  be  considered.  Of  course,  fish  vary  in  the  same  way 
that  the  alga?  do,  so  far  as  their  susceptibility  to  the  action  of 
copper  is  concerned.  An  interesting  case  will  illustrate  this,  I 
think.  A  game  club  in  northern  New  York  had  a  large  lake  which, 
although  originally  stocked  with  bass,  had  come  to  contain  pickerel 
in  large  quantities;  consequently,  when  the  members  of  the  club 
fished  in  this  lake  for  bass,  they  continually  caught  pickerel,  and 
it  was  a  great  source  of  annoyance  to  them.  The  lake  was  polluted 
with  anahcuna,  and  it  was  decided  to  treat  with  copper  sulphate. 
It  was  suggested  to  me  that  if  some  means  of  getting  rid  of  the 
pickerel  at  the  same  time  could  be  devised,  it  would  be  ideal. 
Never  having  attempted  anj'thing  of  the  kind,  no  responsibility 
regarding  the  result  could  be  taken,  l)at  the  management  was 
willing  to  experiment.  We  did  know  that  bass  were  among  the 
most  resistant  fish  to  copper,  standing  one  part  to  one  hundred 
thousand  in  the  laboratory  with  no  signs  of  discomfort.  About 
the  pickerel  we  knew  little  or  nothing.  Twice  the  dose  which 
would  have  been  used  to  exterminate  the  anabosna  was  applied, 
and  the  pickerel  were  taken  out  in  such  quantities  as  to  practically 
eliminate  them,  while  I  believe  only  one  bass  was  found  dead. 
This  is  not  referred  to  as  a  practice  which  should  be  encouraged 
by  any  means,  but  it  does,  I  think,  illustrate  most  beautifully  the 
difference  in  the  toxic  effect  of  a  given  solution  upon  two  different 
kinds  of  fish  in  the  same  reservoir,  where  the  temperature,  char- 
acter of  the  water,  and  other  conditions  must  have  been  absolutely 
the  same.  Nobody  knows  how  many  bass  were  in  the  lake,  but 
certainly  some  thousands. 

It  should  be  borne  in  mind,  then,  that  if  a  reservoir  is  stocked 
with  fish  very  susceptible  to  copper  and  at  the  same  time  is  pol- 
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luted  with  algsB  very  resistant  to  this  metal,  it  is  usually  impossible 
to  resort  to  the  method,  because  a  strength  of  copper  necessary 
to  eliminate  the  algfe  would  also  kill  the  fish.  Fortunately,  how- 
ever, this  condition  is  more  or  less  theoretical  rather  than  actual, 
as  has  been  shown  by  practical  experience.  Take,  for  instance, 
the  Butte,  Montana,  case.  There  the  reservoir  was  stocked  with 
what  they  called  mountain  trout,  a  fish  which  is  supposed  to  be 
very  susceptible  to  copper,  experiments  showing  that  one  part  in 
five  or  six  million  will  kill  such  fish.  In  that  particular  case  they 
were  fortunate  in  having  as  the  polluting  alga  anabcena,  which 
was  completely  destroyed  by  using  one  part  of  'copper  to  eight  and 
one-half  million  parts  of  water,  without,  so  far  as  I  know,  injuring 
a  single  fish.  The  Bureau  of  Fisheries  has  been  carrying  on 
recently  some  exiDcriments  with  copper  sulphate  for  cleaning  up 
breeding  ponds  of  fish,  and  the  results  ought  to  throw  considerable 
light  upon  the  subject. 

There  are  a  number  of  other  phases  of  the  Ciuestion  which  should 
be  considered.  I  have  not  had  time  to  refer  to  the  temperature 
question,  although,  of  course,  it  has  been  brought  out  in  publica- 
tions that  the  higher  the  temperature  of  the  water  the  greater  the 
toxicity.  We  have  had  very  few  opportunities  for  treating 
supplies  in  the  winter  time.  In  one  case,  however,  where  the  ap- 
plication was  made  through  the  ice,  the  results  were  entirely  satis- 
factory; but  the  organism  destroyed  was  uroglena,  a  form  which 
unquestionably  is  very  susceptible  to  copper,  perhaps  as  suscep- 
tible as  any  of  the  algse. 

The  whole  matter  seems  to  resolve  itself  into  this:  The  more 
commonly  distributed  algse,  such  as  some  of  the  blue-greens, 
uroglena,  and  certain  of  the  grass-green  forms,  which  are  usually 
responsible  for  troul^le  in  a  water  supply,  are  likewise  the  most 
susceptible  to  the  action  of  copper,  and  on  account  of  this  very 
fortunate  condition  of  affairs  the  method  has  a  practical  applica- 
tion far  beyond  what  it  might  have. 

The  question  of  the  possibility  of  using  copper  to  such  an  extent 
as  to  produce  a  resistant  strain  of  algie  has  been  raised,  and,  of 
course,  is  a  proper  point  to  be  considered.  The  fact  of  the  matter 
is,  however,  that  the  whole  aim  and  intention  in  using  copper  as 
an  algicide  is  to  so  completely  destroy  the  algse  as  to  leave  nothing 
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from  which  to  breed  a  resistant  form  of  organisms.  If  the  appH- 
cation  is  made  at  the  proper  time  and  under  the  proper  conditions, 
certainly  all  of  those  organisms  which  are  susceptible  to  copper 
will  be  destroyed.  With  spore-bearing  algae  or  where  the  organ- 
isms are  buried  in  the  mud,  there  cannot  by  any  possible  means 
be  any  effect  from  a  treatment  with  copper  sufficient  to  form  a 
more  resistant  lot.  So  far  as  our  experience  goes,  where  copper 
has  been  used  for  the  destruction  of  certain  susceptible  forms, 
conditions  certainly  seem  to  indicate  that  it  requires  a  less  and 
less  amount  to  keep  the  water  free  from  this  specific  organism, 
rather  than  an  increasing  quantity.  Experience  only  can  settle 
this  matter,  but  there  is  no  evidence  at  the  present  time  to  sustain 
this  objection. 

Just  one  other  point  and  I  will  conclude.  Theoretically,  we 
find  that  many  of  the  alga?  respond  to  very  definite  toxic  doses  of 
copper  in  the  laboratory;  that  is,  working  with  test  tubes  or  large 
aquaria,  we  are  able  to  determine  the  amount  of  copper  which  will 
destroy  any  of  the  common  algal  forms  occurring  in  water  supplies. 
In  actual  practice  it  has  been  found  that  the  amount  of  copper 
necessar}'-  to  produce  the  toxic  effect  is  not  nearly  so  large,  and 
this  has  been  under  conditions  about  which  there  could  be  no 
question.  That  is,  most  careful  estimates  of  the  capacity  of  the 
reservoirs  being  treated  were  made;  there  was  not  at  the  time 
the  copper  application  was  made  any  water  joassing  through  the 
reservoir,  and  the  temperature  and  everything  of  that  sort  were 
taken  into  consideration.  It  certainly  seemed  that  at  least  some 
of  the  theoretical  data  regarding  the  action  of  copper  upon  algae, 
as  well  as  its  action  upon  pathogenic  germs,  which  have  been 
published,  would  have  to  be  modified  when  used  as  a  basis  for 
practical  work.  Fortunately,  however,  the  modification  will 
involve  a  decrease  rather  than  an  increase  in  the  amount  of  copper 
to  be  used. 

This  is  not  what  is  usually  expected,  and  the  only  explanation 
appears  to  be  that  in  the  laboratory  we  are  dealing  with  more 
resistant  forms.  It  is  very  probable  that  algae  brought  into  a 
laboratory,  grown  under  artificial  conditions,  become  more  resist- 
ant to  any  toxic  substance.  The  reasons  for  this  cannot  be  gone 
into  in  detail,  but  we  know  that  a  great  many  of  the  weaker  forms 
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die  out  in  the  laboratory,  and  in  almost  every  case  it  seems  prob- 
able that  the  forms  upon  Avhich  the  experiments  have  been  tried 
were  really  exceptional  fol'ms  and  not  those  with  which  we  have 
to  deal  in  a  practical  way. 

I  am  sure  the  papers  which  are  to  follow  will  bring  out  points 
specifically,  and  emphasize  important  things  in  a  way  which  I 
have  not  been  able  to  do,  and  I  hope  that  in  the  discussion,  and 
with  a  free  opportunity  for  asking  questions,  we  all  will  gain  a  great 
deal  of  valuable  information. 


The  Use  of  Copper  Sulphate  to  Guard  Against  Typhoid 
Fever  Epidemics  Coming  from  Unfiltered  Surface  Water 
Supplies. 

BY    prof.    W.    p.    mason,    TROY,    N.    Y. 

Mr.  President  and  Gentlemen,  —  I  am  somewhat  embar- 
rassed by  the  magnitude  of  the  title  of  my  paper,  which  I  had  not 
seen  before.  I  have  but  a  few  words  to  say  on  this  subject  and 
will  occupy  but  a  minute  or  two. 

And,  first  of  all,  I  wish  to  state  that  I  have  nothing  but  the 
pleasantest  things  to  say  with  reference  to  the  use  of  copper  sul- 
phate for  the  purpose  of  killing  algal  growths.  I  had  expected 
to  be  instructed  to  no  small  degree  on  the  question  of  killing 
typhoid  germs,  but  that  subject  was  hardly  touched  upon  in  Dr. 
Moore's  remarks.  There  is  no  c[uestion  whatever  that  we  are 
under  veiy  great  obligation  to  Dr.  Moore  and  his  associates  for 
giving  us  some  means  of  getting  over  the  exceeding  difficulty  of 
algal  growth;  but  one  or  two  thoughts  occur  to  me  with  reference 
to  the  typhoid  side  of  the  question. 

You  know  both  the  daily  and  the  scientific  papers  have  been 
quite  full  of  suggestions  for  the  possible  cure  of  the  typhoid  evil 
by  dosing  our  water  supplies  with  copper  sulphate,  following  out 
the  general  lines  already  touched  upon  for  dealing  with  another 
form  of  growth.     Personally  I  should  scarcely  be  willing  to  dose  a 
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water  supply  for  which  I  was  responsible  with  the  intent  to  kill 
germs  of  typhoid,  simply  because  such  dosing  would  have  to  be 
continuous.  I  ask  you,  is  there  not  a  tremendous  difference 
between  an  occasional  dosing,  such  as  would  rid  water  of  these 
ordinary  algal  growths,  and  the  continuous  dosing  required  to 
dispose  of  an  organism  like  the  typhoid  germ? 

If  we  have  a  bad  taste  in  our  reservoir  water,  it  is  there  but 
occasionally,  while  if  we  have  sewage  in  our  supply  it  is  present 
three  hundred  and  sixty -five  days  and  nights  in  the  year.  There- 
fore, although  the  amount  of  copper  sulphate  added  be  small,  the 
important  point  is  that,  when  we  are  dealing  with  the  typhoid 
germ,  its  addition  must  be  continuous.  I  will  admit  that  in  the 
event  of  Asiatic  cholera  striking  us,  a  disease  which  comes  to  us 
but  rarely,  we  might  turn  to  the  use  of  copper  sulphate  to  kill 
the  germ,  and  be  justified  in  so  doing,  because  of  its  occasional 
appearance;  but  in  dealing  with  typhoid  fever  and  the  general 
sewage  question,  we  would  be  forced  to  apply  the  remedy  day  in 
and  day  out  for  a  long  period  of  time,  indeed,  permanently. 

And  again,  what  do  we  accomplish  by  such  use,  even  supposing 
that  the  salt  be  not  poisonous?  What  do  we  accomplish  in  the 
way  of  the  reduction  of  turbidity,  in  the  way  of  taking  out 
the  color,  in  the  way  of  improving  the  physical  appearance  of  the 
water?  If  our  water  be  such  that  its  appearance  needs  improving, 
why,  the  very  means  that  we  use  to  accomplish  that  result,  namely, 
the  modern  filtration  plant,  will,  of  itself,  remove  the  germs  that 
we  are  anxious  to  get  rid  of  without  any  necessity  of  killing  the 
same  by  the  addition  of  copper  sulphate. 

I  very^  much  question  whether  we  know  all  that  may  be  known 
with  reference  to  the  poisoning  effect  of  copper  sulphate  upon  the 
human  econom}-.  We  are  limited  to  a  consideration  of  the  effect 
of  occasional  and  relatively  large  doses.  The  question  here  is. 
What  would  be  the  result  should  we  feed  our  people  small  amounts 
of  copper  sulphate  during  long  periods  of  time?  That  inquiry 
has  to  be,  I  think,  still  left  unanswered. 

I  am  looking  forward  witli  a  great  deal  of  pleasure  to  listening 
to  what  may  be  said  during  this  discussion.  There  was  one  point 
in  Dr.  Moore's  remarks  that  seemed  to  me  especially  worthy  of 
being  touched  upon,  namely,  the  resistant  strain  of  aquatic  life 
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about  which  he  spoke;  the  suggestion  that  the  material  with 
which  he  experimented  in  the  laboratorj^  was  possibly  a  little  more 
resistant  than  the  material  as  it  would  be  found  in  practice.  With 
reference  to  algal  growths  I  have  nothing  to  say,  being  in  ignorance 
on  the  point,  but  as  touching  pathogenic  germs,  I  have  strong 
doubts  about  those  of  the  laboratory-  being  as  resistant  as  the 
ones  fresh  from  the  excreta.  It  may  be  that  there  are  those  who 
will  assist  us  to  further  information  upon  that  point  to-day,  but 
it  would  not  surprise  me  very  greatly  to  find  that  the  dose  of  cop- 
per sulphate  which  would  kill  the  laboratory  bacillus  would  fail 
to  do  as  much  for  his  wilder  brother  of  the  bowel. 


Destruction    by   Copper   Sulphate    of  Typhoid   Fever 

Germs. 

by  daniel  d.  jackson,  mt.  prospect  laboratory,  brooklyn,  n.y. 

The  destruction  of  the  germs  of  typhoid  fever  in  water  by 
means  of  copper  sulphate  has  been  the  subject  of  a  considerable 
amount  of  discussion  during  the  present  year,  and  no  definite 
decision  has  been  heretofore  reached  as  to  the  amount  of  copper 
sulphate  required  for  this  purpose.  The  differences  of  opinion 
on  this  subject  have  undoubtedly  been  largely  due  to  differences 
in  the  virulence  of  the  cultures  employed.  The  ordinary  labo- 
ratoiy  cultures  which  have  been  resuscitated  by  growing  in  beef 
broth  have  been  supposed  to  regain  their  original  virulence,  but 
the  experiments  which  are  cited  in  this  paper  show  that  such  is 
by  no  means  the  case,  and  that  the  highest  degree  of  virulence  is 
only  obtained  when  the  typhoid  culture  is  taken  fresh  from  the 
human  subject  directly  after  death. 

Resuscitated  t3-phoid  cultures  obtained  from  several  prominent 
laboratories  were  experimented  upon  to  determine  the  amount 
of  copper  sulphate  required  to  destroy  them.  The  following  table 
gives  the  results  obtained  when  the  cultures  were  treated  in  dis- 
tilled water  with  various  amounts  of  copper  sulphate : 
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Treatment  of  Ordinary  Typhoid  Bacteria  in  Distilled  Water  with 

Copper  Sulphate. 


Amount  of  Copper 
Sulphate  Used. 

Number  of  Typhoid  Bacteria  Remaining 
after  3  Hours.               after  24  Hours. 

None 

1980 

1200 

1-20  000  000 

1920 

1  100 

1-10  000  000 

1  180 

420 

1-  5  000  000 

980 

265 

1-  3  000  000 

435 

3 

1-  2  000  000 

0 

0 

1-  1  000  000 

0 

0 

1-      500  000 

0 

0 

It  will  be  seen  from  this  table  that  the  amount  required  for  the 
sterilization  of  such  a  culture  is  one  part  of  copper  sulphate  in 
two  million  parts  of  water. 

The  table  which  follows  shows  the  same  treatment  as  in  the 
previous  table,  except  that  sterilized  Brooklyn  tap  water  was 
used: 

Treatment  of  Ordinary  Typhoid  Bacteria  in  Sterilized  Brooklyn  Tap 
Water  with  Copper  Sulphate. 


Amount  of  Copper 
Sulphate. 

J\  umber  oi  lyphoic 
after  3  Hours. 

i  JtJactena  Ken 
after  24  He 

None 

2  300 

1640 

1-20  000  000 

1450 

830 

1-10  000  000 

1320 

120 

1-  5  000  000 

570 

80 

1-  3  000  000 

120 

5 

1-  2  000  000 

0 

0 

1-  1  000  000 

0 

0 

1-  .  500  000 

0 

0 

It  will  be  seen  that  in  both  of  thesQ  cases  one  part  of  copper 
sulphate  in  two  million  parts  of  water  is  sufficient  for  disinfection. 

These  two  experiments  are  representative  of  a  veiy  considerable 
number  of  others  along  the  same  lines,  but  from  the  next  table 
it  will  be  seen  that  the  results  are  very  different  from  those 
obtained  when  fresh,  virulent  typhoid  bacteria  are  used. 
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Treatment  of  Virulent  Typhoid  Bacteria  in  Sterilized  Brooklyn  Tap 
Water  with  Copper  Sulphate. 


.mount  of  Copper 
Sulphate  Used. 

■     Number  of  Typhoid  Bacteria  Remaining 
after  3  Hours.            after  24  Hour.?. 

None 

82  000 

68  000 

1-3  000  000 

23  000 

12  300 

1-2  000  000 

18  400 

1300 

1-1  000  000 

12  800 

450 

1-    500  000 

560 

23 

1-    100  000 

8 

2 

1-      50  000 

0 

0 

It  is  evident  from  the  above  figures  that  typhoid  bacteria  of  the 
attenuation  usually  found  in  water  are  destroyed  by  copper  sul- 
phate in  the  proportion  of  one  part  to  two  million  parts  of  water. 
These  results,  however,  are  not  obtained  when  fresh,  virulent 
typhoid  germs  occur  in  water.  A  strength  of  one  part  copper 
sulphate  to  fifty  thousand  parts  of  water  is  then  required.  It  is, 
however,  entirel}'  impracticable  and  unsafe  to  use  such  a  strength 
in  the  treatment  of  drinking  water,  as  an  amount  greater  than 
one  part  per  million  can  be  detected  by  taste,  and  if  taken  con- 
stantly would  be  likely  to  produce  a  physiological  effect  upon  the 
consumer. 

Verv'  considerable  light  is  shed  upon  the  subject  of  typhoid 
treatment  b}-  experimenting  upon  the  bacillus  coli  communis. 
This  bacterium  is  present  under  normal  conditions  in  the  human 
intestine  and  is  very  closely  comparable  with  the  typhoid  bacte- 
rium in  respect  to  its  behavior  with  antiseptics. 

After  having  obtained  \evy  similar  results  upon  the  hacillus 
coli  by  the  use  of  copper  sulphate,  an  experiment  was  made  upon 
a  water  supply  pond  in  the  borough  of  Brooklyn  containing  sixty 
millions  gallons  of  water.  The  water  of  this  pond  is  used  only 
after  mechanical  filtration,  and  under  such  circumstances  all 
copper  has  been  found  to  be  removed.  The  accompanying  dia- 
gram, Fig.  1,  shows  the  removal  of  hacillus  coli  from  the  pond  by 
means  of  a  treatment  of  one  part  copper  sulphate  to  two  million 
parts  of  water.  The  lower  portion  of  the  chart  shows  the  positive 
presumptive  tests  for  bacillus  coli  obtained  in  dilutions  of  0.1  cc. 
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1  cc,  and  10  cc.  The  middle  line  shows  the  total  amount  of  gas 
obtained  in  the  three  presumptive  tests  for  each  day,  and  the  top 
line  shows  the  total  number  of  bacteria  present  throughout  the 
experiment.  The  results  show  that  hacillus  coli  of  the  attenuation 
found  in  water  is  (until  receiving  further  contamination)  com- 
pletely removed  by  a  treatment  of  copper  sulphate  in  the  propor- 
tion of  one  part  to  two  million  parts  of  water. 

Little  or  no  effect  is  produced  upon  the  common  bacteria  in 
water  by  such  a  strength  of  copper  sulphate,  and  unless  the  copper 


Fig.  1. 


is  rapidly  removed  by  precipitation  the  common  bacteria  usually 
increase  enormously  in  numbers,  especially  when  a  considerable 
amount  of  food  has  been  rendered  available  by  the  killing  off  of 
large  numbers  of  algse  by  means  of  the  copper  treatment. 

In  cases  of  epidemic  from  typhoid  fever  in  a  water  supply,  the 
disease  bacteria  may  be  greatly  attenuated  and  rendered  much 
less  dangerous  by  a  treatment  of  one  part  copper  sulphate  to  one 
million  parts  of  water.  It  is  probable  that  this  treatment  will 
kill  off  all  typhoid  germs  of  the  usual  attenuation  found  in  water, 
but  at  no  time  should  more  than  this  strength  be  used. 
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The  Use   of   Metallic  Copper   foij   the   Purifioation  op 
Drinking   Water. 

BY    prof,    henry    KRAEMER,    PHILADELPHIA. 

Before  giving  the  results  of  my  experiments  with  copper  foil 
in  destroying  certain  intestinal  organisms,  I  desire  to  give  some 
general  observations  with  regard  to  the  use  of  copper  in  the  puri- 
fication of  water  supplies,  as  the  subject  presents  itself  to  me. 

What  I  wish  to  bring  out  is  that  there  appear  to  be  distinct 
uses  for  copper  foil  and  for  copper  sulphate  or  the  salts  of  copper, 
and  also  that  there  is  a  proper  time  and  place  for  the  use  of  these. 

Copper  foil  seems  better  adapted  for  use  in  the  average  house- 
hold, and  may  be  used  when  the  drinking  water  supplied  to  a 
community  is  a  diluted  sewage,  as  it  is  in  a  number  of  places. 

Salts  of  copper  seem  better  adapted  for  disinfecting  the  dis- 
charges of  typhoid  patients,  treatment  of  sewage,  and  the  purifi- 
cation of  contaminated  water  in  reservoirs. 

Theoretically,  there  should  be  no  need  of  treating  either  the 
water  in  a  reservoir  (except  where  there  is  algal  growth)  or  that 
which  is  supplied  the  householder  from  the  city  supply,  except 
when  there  is  contamination  as  a  result  of  accident,  as  sometimes 
happens,  granting  that  the  sources  of  contamination  have  been 
properly  safeguarded. 

The  discharges  from  typhoid  patients  being  the  source  of  the 
disease,  it  is  obvious  that  the  disinfection  with  copper  sulphate 
should  begin  here,  and  physicians  should  give  instructions  accord- 
ingly. If  universal  attention  were  given  to  this  matter  there 
can  be  little  doubt  that  the  spread  of  typhoid  fever  would  be 
prevented  almost  entirely.  But  as  the  matter  cannot  be  abso- 
lutely controlled  the  next  best  thing  is  to  disinfect  the  sewage. 

That  certain  organisms  manifest  a  specific  sensitiveness  towards 
copper  was  first  pointed  out  by  Naegeli.  Following  the  lead  of 
Naegeli,  Israel  and  Klingmann  (1897)  showed  that  copper  foil 
has  a  marked  toxic  effect  on  certain  bacteria,  as  hacillus  coli  and 
the  organisms  producing  typhoid  fever  and  cholera.  To  Moore 
and  Kellerman  (1904)  belongs  the  credit  of  first  showing  the 
application  of  the  results  obtained  by  Naegeli  (on  alga^)  and  Israel 
and  Klingmann  (on  bacteria)  in  the  purification  of  water  supplies. 
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As  the  methods  used  in  my  work  have  been  published  and  are 
readily  accessible,  it  will  probably  be  sufficient  to  call  attention 
to  some  of  the  main  features  of  the  work. 

1.  The  copper  used  was  in  the  form  of  sheet  copper  or  copper 
foil,  pieces  approximately  9  cm.  square  being  used  to  each  1  000 
CO,  of  water. 

2.  The  organisms  upon  which  we  experimented  were  bacillus  coli 
and  bacillus  typhi,  twenty-four-hour  bouillon  cultures  being  used. 

3.  The  water  used  in  the  experiments  included  filtered,  distilled, 
and  tap  water,  all  of  which  were  sterilized  in  an  autoclaA-e  prior 
to  adding  the  cultures  and  copper  foil. 

We  found  in  nearly  every  experiment  which  we  conducted  that 
in  the  water  containing  the  typhoid  or  colon  organisms,  and  to 
which  the  copper  foil  was  added,  these  organisms  were  destroyed 
in  from  two. to  four  hours. 

We  also  found  in  the  parallel  experiments  which  we  conducted 
that  in  the  water  to  which  copper  foil  was  not  added,  the  typhoid 
and  colon  bacilli  continued  to  grow  and  even  multiply  for  months, 
except  in  the  case  of  water  filtered  by  means  of  a  filter  attached 
to  an  ordinary  copper  faucet.  In  the  latter  instance  the  typhoid 
organisms  were  destroyed  in  two  to  four  hours,  just  as  though 
copper  had  been  added  to  the  water,  whereas  the  colon  bacilli 
continued  to  grow,  but  not  as  rapidly  as  in  distilled  or  tap  water. 
This  peculiar  inhibiting  action  of  the  filtered  water  we  subsequentlv 
proved  was  due  to  a  property  acquired  by  the  water  in  its  slow 
passage  through  the  copper  spigot  to  which  the  filter  was  attached. 
That  the  inhibiting  action  of  the  filtered  water  was  due  to  its  con- 
tact with  the  copper  spigot,  is  shown  by  the  fact  that  when  we  used 
a  filter  in  which  contact  with  copper  was  avoided,  the  t^^phoid 
organisms  continued  to  grow  the  same  as  in  distilled  and  tap  water. 

Later  experiments  showed  that  contact  of  the  copper  foil  with 
the  water  for  a  very  brief  period  of  time  was  sufficient  to  affect 
these  organisms.  We  found,  for  instance,  that  if  the  copper  foil 
were  allowed  to  remain  in  distilled  water  for  one  to  five  minutes, 
the  typhoid  organisms  were  completely  destroyed  within  a  few 
hours. 

In  a  ])aper  presented  to  the  American  Philosophical  Society, 
the  results  of  mv  work  along  this  line  are  summarized  as  follows: 
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Certain  intestinal  bacteria  lilce  colon  and  typhoid  are  com- 
pletely destroyed  by  placing  clean  copper  foil  in  water  containing 
them,  or  by  adding  the  organisms  to  water  previously  in  contact 
with  copper  foil. 

The  toxicity  of  water  to  which  either  copper  coins  or  copper 
foil  has  been  added  is  probably  due  to  a  solution  of  some  salt  of 
copper,  as  first  suggested  by  Naegeli. 

The  copper  is  prol^ably  in  the  form  of  a  crystalloid  rather  than 
that  of  a  colloid,  as  it  has  the  property  of  permeating  the  cell 
walls  and  organized  cell  contents  of  both  animals  and  plants, 
thereby  producing  the  toxic  effects. 

While  the  effects  produced  by  the  oligodynamic  action  of  coj^per 
are  apparently  different  from  those  of  true  chemical  poisons, 
the  difference  is  probably  in  degree  only  and  not  in  kind. 

Certain  lower  organisms,  including  both  plants  and  animals, 
possess  a  specific  sensitiveness  to  minute  quantities  of  copper, 
and  it  has  been  shown  that  they  are  not  restored  on  transferring 
them  to  water  free  from  oligodynamic  properties. 

Oligodynamic  solutions  of  copper  are  obtained  by  adding  either 
copper  coins,  copper  foil,  or  salts  of  copper  to  water;  when  copper 
foil  is  used,  sufficient  copper  is  dissolved  by  the  distilled  water 
in  one  to  five  minutes  to  kill  the  typhoid  organisms  within  two 
hours. 

A  solution  of  copper  may  lose  its  toxicity  by  the  precipitation 
of  the  copper  as  an  insoluble  salt  or  compound;  by  its  absorption 
by  organic  substances;  or  by  absorption  by  insoluble  substances. 

The  oligodynamic  action  of  the  copper  is  dependent  upon  tem- 
perature,  as  first  pointed   out  by   Israel   and    Klingmann. 

The  effects  of  oligodynamic  copper  in  the  purification  of  drink- 
ing water  are  in  a  quantitative  sense  much  like  those  of  filtra- 
tion, only  the  organisms  removed,  like  bacillus  typhi  and  bacillus 
coli,  are  completely  destroyed. 

THE    EFFECTS    OF    WATER    TREATED    WITH    COPPER   ON    MAN. 

While  it  has  been  conclusively  showm  that  exceedingly  minute 
quantities  of  copper  are  toxic  to  typhoid  organisms,  still  the 
question  is  raised  by  some  as  to  the  toxic  effects  on  man  when 
copper  or  its  salts  are  used  in  the  purification  of  drinking  water. 
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In  commenting  on  a  paper  of  mine  on  "  The  Efficiency  of  Copper 
Foil  in  Destroying  Typhoid  and  Colon  Bacilli  in  Water,"  a  reviewer 
writes  as  follows:  "While  recommending  the  use  of  copper  foil 
for  the  purification  of  drinking  water,  the  writer  adduces  no  proofs 
as  to  freedom  from  toxic  effects  when  water  so  purified  is  taken 
into  the  system  over  a  considerable  period  of  time."  My  reason 
for  not  taking  up  the  pharmacological  phase  of  this  question 
heretofore  has  been  that  my  own  experiments  in  the  consumption 
of  water  treated  with  copper  foil  did  not  extend  over  a  sufficient 
period  f)f  time  to  warrant  me  in  making  any  statements  in  regard 
to  the  effects  of  water  so  treated.  Then,  too,  I  felt  that  the  state- 
ments of  pharmacologists  and  physiologists  were  conclusive  as 
to  the  probable  harmlessness  to  man  of  copper  when  used  in  the 
proportions  necessary  to  purify  water  containing  typhoid  organ- 
isms. But  since  there  seems  to  be  some  objection  in  certain 
communities  to  the  drinking  of  water  treated  with  copper,  I  have 
deemed  it  advisable  to  give  my  own  experience  in  connection 
with   this  subject. 

For  nearly  a  year  all  of  the  drinking  water  consumed  in  my  home 
has  been  treated  with  copper.  A  strip  of  copper  foil,  or  sheet 
copper,  nine  inches  square,  is  placed  in  a  vessel  containing 
from  three  to  four  quarts  of  water  and  allowed  to  remain  from 
four  to  eight  hours.  The  foil  is  first  cleaned  with  powdered  pum- 
ice, and  retains  its  luster  for  weeks  unless  the  water  contains  a 
considerable  quantity  of  saliment,  and  provided  the  quantity 
of  water  is  renewed  immediately  each  time  upon  drawing  off  the 
sterilized  or  purified  water.  On  account  of  the  var}'ing  amounts 
of  sediment,  we  find  it  desirable  to  filter  the  water  before  treating 
it  with  copper  foil.  Up  to  this  time  no  ill  effects  have  been  noted 
from  drinking  the  water  so  treated,  and,  in  fact,  our  general  health 
may  perhaps  be  said  to  be  better  than  usual,  in  that  we  have  not 
had  to  consult  a  physician  during  this  time.  Another  interesting 
observation  is  that  the  water  being  more  palatable  than  boiled 
water,  we  consume  larger  quantities,  which  possibly  has  some 
influence  on  the  general  bodily  condition. 

Believing  that  many  vegetables  may  also  be  a  source  of  infec- 
tion, we  take  the  precaution  either  to  wash  the  vegetables  to  be 
eaten  raw  with  copper-treated  water,  or  to  place  them,  particularly 
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in  the  case  of  lettuce  and  celery,  in  a  vessel  of  water  along  with  a 
strip  of  clean  copper  foil  and  allow  them  to  remain  from  two  to 
four  hours  with  occasional  agitation. 

The  use  of  copper  vessels  would  be  more  convenient,  but  of 
course  is  more  expensive.  I  have  also  thought  that  water  pitchers 
and  tumblers  might  be  partly  lined  with  copper  foil. 

I  rom  my  own  experience  and  observations,  together  with  those 
of  others,  we  may  draw  certain  general  conclusions,  which  I  have 
summarized  as  follows: 

It  is  pretty  well  established  that  the  typhoid  organism  is  dis- 
seminated not  onl}"  through  water,  but  also  through  air  and  food, 
and  may  retain  its  vitality  for  a  considerable  period  of  time. 

Typhoid  organisms  in  water  are  eliminated  by  filtration,  boiling, 
and  by  certain  biochemical  methods.  Of  the  latter,  the  use  of 
copper,  as  proposed  by  Moore  and  Kellerman,  is  probably  the  most 
efficient  and  at  the  same  time  the  most  practicable. 

While  exceedingly  minute  quantities  of  copper  in  solution 
are  toxic  to  certain  unicellular  organisms,  as  bacteria,  it  is  safe 
to  assume  that  the  higher  plants  and  animals,  including  man, 
are  unaffected  by  solutions  containing  the  same,  or  even  larger 
amounts  of  copper. 

There  being  a  number  of  factors  which  tend  to  eliminate  the 
copper  in  solution,  it  is  hardly  likely  that  there  would  be  any 
copper  in  solution  by  the  time  the  water  from  a  reservoir  reached 
the  consumer  if  the  treatment  of  the  reservoir  were  in  competent 
hands. 

Many  plants  contain  relatively  large  quantities  of  copper,  and 
when  these  are  used  as  food,  so  me  of  the  copper  is  taken  up  by  the 
animal  organism,  but  there  are  no  records  of  any  ill  effects  from 
copper  so  consumed. 

The  Toxicology  of  Copper  and  Its  Relation  to  the  Copper 
Treatment  of  Water. 

by  herbert  e.  smith,  m.d.* 

So  firmly  imbedded  in  the  popular  mind  is  a  belief  in  the  poison- 
ous action  of  copper,  that  the  question  of  the  toxicology  of  copper 

*  Professor  of  Chemistry,  Yale  Medical  School,  New  Haven,  Conn. 
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is  one  that  presses  for  an  answer  wlierever  it  is  known  that  copper 
sulphate  is  to  be  used  in  a  pubhc  drinking  water.  There  are 
generally  objections  to  a  chemical  treatment  of  drinking  water, 
but  because  of  the  common  belief,  people  may  justly  demand  a 
positive  answer  to  the  question,  —  Is  the  use  of  copper  in  our 
drinking  water  likely  to  be  injurious? 

If  I  should  attempt  to  give  a  review  of  the  literature  of  the  toxi- 
cology of  copper.  I  should  have  to  present  a  wearisome  mass  of 
conflicting  opinion  and  statements  of  alleged  facts,  which  would 
but  end  in  confusion.  Therefore,  I  will  confine  myself  to  a  brief 
statement  of  the  matter  as  it  appears  from  the  experimental  work 
and  observations  of  the  past  few  years. 

In  order  to  understand  the  toxicology'  of  copper,  one  must  dis- 
tinguish sharply  on  the  one  hand  between  the  irritant  action  which 
copper  salts  produce  on  the  mucous  membranes  of  the  stomach 
and  intestines  when  they  are  swallowed,  and  on  the  other  hand, 
the  effect  which  they  produce  upon  the  cells  of  the  interior  organs 
of  the  body  after  they  have  been  absorbed  into  the  blood. 

The  first  effect  is  that  which  would  be  produced  on  man  by 
the  ingestion  of  a  large  dose,  i.  e.,  several  grams  of  copper  sulphate, 
and  would  be  manifested  ))y  nausea,  vomiting,  colic,  diarrhea,  and 
the  other  symptoms  of  a  gastro-enteritis.  These  are  the  symptoms 
most  commonly  seen  in  copper  poisoning  in  man,  and  usually 
constitute  about  all  there  is  in  an  attack  of  this  sort,  for  rarely 
does  it  happen  that  acute  systemic  poisoning  occurs  in  man. 

That  copper  is  capable  of  producing  profound  systemic  poison- 
ing, however,  is  abundantly  shown  by  the  laboratory  experiments 
of  Tschisch,  Lehmann,  Filehne,  and  others,  in  which  the  copper 
compounds  were  introduced  by  the  hypodermic  method  into 
rabbits,  cats,  and  dogs.  The  symptoms  produced  in  this  way 
are  referable  to  the  direct  action  of  the  poison  on  the  protoplasmic 
contents  of  the  cells-  in  the  various  organs  affected.  The  chief 
symptoms  are  muscular  paralysis,  jaundice  and  other  signs  of 
fatty  degeneration  of  the  liver,  hematuria  and  other  signs  of  an 
acute  toxic  nephritis,  destruction  of  blood  corpuscles,  and  usuall}' 
disturbance  of  the  functions  of  the  alimentary  canal.  Death 
usually  occurs  as  the  result  of  cardiac  and  respiratory  paralysis. 

Systemic   poisoning  may  be  caused  by   absorption  from  the 
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alimentar}^  canal,  as  has  been  shown  by  experiments  on  sheep 
and  other  animals  that  do  not  vomit.  It  appears,  however,  that 
the  dose  must  be  large  enough  to  produce  g  astro -enteric  disturb- 
ances. It  is,  therefore,  possible  to  get  both  the  irritant  and  the 
systemic  effects  by  repeated  administration  of  moderately  large 
doses. 

With  lead  and  mercury,  repeated  small  doses  produce  severe 
systemic  poisoning;   this  appears  not  to  be  the  case  with  copper. 

Kunkel,  who  has  written  perhaps  the  best  modern  systematic 
toxicology,  says  that  chronic  poisoning  with  copper,  in  the  sense 
that  we  have  it  with  lead  and  mercury  and  in  which  it  has  been 
claimed  for  copper,  does  not  exist;  that  is,  the  administration  of 
small  c|uantities  of  copper  continued  through  a  long  time  does  not 
produce  deleterious  results. 

It  is  true  that  one  may  find  in  medical  literature  some  cases 
described  as  chronic  copper  poisoning,  but  such  are  admittedly 
rare,  and  on  close  analysis  appear  to  be  of  mistaken  diagnosis. 

In  the  support  of  the  statement  that  copper  does  not  produce 
chronic  poisoning  may  be  advanced  the  numerous  experiments 
on  man  himself.  Thus  one  observer  took  from  ten  to  twenty 
milligrams  of  copper  in  the  form  of  copper  sulphate  daily  for 
eighty  days  and  another  for  fifty  days,  with  no  ill  effect.  Doses 
of  over  sixty  milligrams,  how^ever,  produce  some  alimentar}^ 
disturbance  and  would  doubtless  prove  injurious  if  long  continued. 
The  form  in  which  copper  is  taken  has  much  to  do  with  its  effect. 
The  simple  salts  like  the  sulphate  and  acetate  are  most  active, 
while  the  compounds  formed  between  copper  and  albumins  are 
much  less  active. 

The  conclusions  then  wiiich  may  be  deduced  from  the  recent 
literature  are,  that  a  single  large  dose  of  a  salt  of  copper  may 
produce  in  man  acute  irritant  poisoning,  followed  sometimes  by 
systemic  poisoning;  that  repeated  moderate  doses  produce  a 
subacute  poisoning,  due  largely  to  the  systemic  effect;  and  that 
repeated  small  doses,  say  from  ten  to  thirt}^  milligrams  admin- 
istered by  the  mouth,  cause  no  poisoning  even  when  continued 
many  days. 

The  cjuestion  before  us,  therefore,  turns  largely  on  the  dose, 
and  on  the  form  and  manner  of  ingestion.     For  the  purpose  of 
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obtaining  a  probable  dose  which  might  result  from  the  use  of 
copper  sulphate  in  a  reservoir,  let  us  assume  the  use  of  one  part 
of  copper  sulphate  per  million  of  water.  This  means  that  one 
kilogram  of  water  would  contain  one  milligram  of  copper  sulphate, 
or  about  one  quarter  of  a  milligram  of  metallic  copper.  An 
assumption  of  a  daily  maximum  use  of  two  kilograms  of  water, 
something  more  than  two  quarts,  would  give  a  daily  dose  of  one 
half  a  milligram  (0.5  mgm.)  of  copper,  or  about  one  one  hundred 
thirtieth  part  of  a  grain.  This  is  a  quantity  which  when  admin- 
istered by  the  mouth  must  be  regarded  as  insignificant  as  a  toxic 
agent  on  man,  and  would  be  so  even  if  increased  several  fold. 
Ordinary^  precaution  on  the  part  of  the  operator  would  induce  him 
to  avoid  a  concentrated  solution  in  the  vicinity  of  a  water  intake, 
so  that  this  danger  of  a  possible  larger  dose  is  no  necessary  feature 
of  the  application  of  the  method. 

I  have  assumed  that  the  copper  was  in  solution  as  sulphate 
in  the  water,  but  experience  teaches  that  the  copper  rapidly 
disappears  from  solution  after  the  treatment.  This  means,  of 
course,  that  the  copper  is  precipitated  in  some  form,  and  the 
question  may  arise  as  to  the  danger  from  concentration  of  the 
copper  in  the  form  of  sediment.  This  is  a  possibility  and  there- 
fore the  form  in  which  the  copper  is  precipitated  is  of  importance. 
It  seems  probable  that  the  copper  is  precipitated  in  albuminous 
combinations,  that  is,  that  it  is  absorbed  by  the  albuminous  con- 
stituents of  the  microscopic  organisms  in  the  water.  The  basis 
for  this  suggestion  may  be  deduced  from  the  following  considera- 
tions. The  most  delicate  tests  which  the  chemist  has  for  the 
detection  of  copper  are  hydrogen  sulphide  and  potassium  ferro- 
cyanide.  The  limit  of  delicacy  of  these  reagents  is  given  by 
Professor  Wormley  as  about  one  part  of  copper  oxide  in  one  hun- 
dred thousand  parts  of  solution.  The  only  precipitants  uniformly 
present  in  natural  water  are  the  alkalies,  and  surely  they  could 
not  precipitate  the  copper  from  a  solution  of  one  part  per  million, 
for  they  are  much  less  delicate  than  the  reagents  mentioned.  But 
suspended  albuminous  matter  might  absorb  it,  and  that  this 
action  does  take  place  is  indicated  by  the  fact  that  the  dead  organ- 
isms collected  in  reservoirs  after  the  treatment,  have  been  found 
to  contain  considerable  quantities  of  copper.     This  method  of 
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precipitation  is  important  because  these  albuminous  compounds 
have  been  found  to  be  of  low  toxic  power,  and,  therefore,  do  not 
materially  increase  the  danger  of  poisoning  to  those  using  the 
water. 

Support  of  the  assertion  that  such  small  amounts  of  copper  as 
are  involved  in  reservoir  treatments  are  not  toxic,  may  be  drawn 
from  the  common  use  of  articles  of  food  containing  relatively 
larger  quantities  of  copper.  Thus  grain  and  vegetables  grown  in 
copper-containing  soils  are  found  to  contain  notable  quantities 
of  this  metal.  Wheat  has  l:)een  found  to  contain  from  three  to  ten 
milligrams  of  copper  per  kilo,  and  various  green  vegetables  from 
three  to  twenty  milligrams.  Canned  vegetables,  especially  peas, 
are  frequently  treated  with  copper  sulphate  to  preserve  their 
green  color.  From  twenty  to  thirty  milligrams  per  kilo  are  com- 
mon amounts,  and  frequently  much  more  has  been  found, yet  such 
materials  have  been  widely  used  without  deleterious  effect. 
Copper  is  also  frequently  introduced  into  food  through  the  use 
of  copper  and  brass  utensils.  Indeed,  so  commonly  are  articles 
of  food  contaminated  with  copj^er  that  Gautier  has  estimated 
that  from  four  to  five  milligrams  of  metallic  copper  are  ingested 
daily  by  most  men  in  their  food. 

From  all  of  these  considerations,  one  may  conclude  that  there 
is  no  danger  to  the  public  health  from  the  use  of  copper  sulphate 
m  drinking  waters  as  it  is  applied  for  ridding  them  of  the  various 
microscopic   algae. 

There  are  one  or  two  other  thoughts  which  occur  to  me.  First, 
why  is  it  that  if  copper  is  so  ix)isonous  to  man  and  the  lower  ani- 
mals when  injected  into  the  blood,  small  quantities  taken  into  the 
stomach  do  not  have  any  deleterious  effect?  I  believe  it  is  merely 
a  question  of  absorption.  If  injected  into  the  blood  small  quan- 
tities of  copper  are  poisonous  to  mammals  and  doubtless  to  man. 
If  taken  into  the  stomach,  however,  the  system  is  protected  by 
the  albuminous  constituents  of  the  blood  and  by  the  albuminous 
envelopes  through  which  the  copper  must  pass  before  it  gets  into 
the  blood.  That  is  the  explanation  and  the  only  one  I  can  see 
why  copper  in  small  doses  is  not  poisonous  to  man  —  it  does  not 
get  where  the  poisonous  effect  can  be  produced. 

Why  is  it,  if  copper  in  these  very  small  quantities  is  not  poison- 
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ous  to  man,  that  it  is  so  highly  pf)isonous  to  organisms  which  we 
find  in  water?  Why  is  it  that  nroglena  will  succumb  even  to  one 
part  of  metallic  copper  in  sixty,  seventy,  or  eighty  million  parts  of 
water,  as  I  have  seen  it  in  actual  experiments?  It  must  be  wholly 
a  question  of  the  way  in  which  the  copper  can  get  at  the  organism. 
I  cannot  conceive  that  the  protoplasmic  material  of  uroglena  is 
substantially  different  from  that  of  many  other  related  forms; 
but  I  can  conceive  that  there  is  a  difference  in  the  ease  with  which 
the  copper  can  penetrate  to  the  cell,  and  I  believe  we  shall  find 
that  that  is  the  main  reason  why  we  have  the  selective  difference 
which  has  been  referred   to. 

The  question  of  fish  is  one  wliicli  I  am  not  quite  ready  to  deal 
with.  1  do  not  see  why  there  shoidd  be  such  a  marked  difference 
as  has  been  referred  to  in  the  susceptibility  of  different  fish.  I  do 
believe  that  fish  are  more  susceptible  to  copper  than  most  other 
animals,  and  they  have  been  ]:)roved  to  be  by  experiments,  because 
fish  have  a  better  opportunity  to  absorb  it  than  other  animals. 
They  have  a  very  good  absorbing  apparatus  in  their  gills,  and  I 
have  sometimes  thought  they  might  get  the  copper  in  that  way 
in  very  much  larger  cjuantities;  but  why  the  pickerel  should  have 
so  much  more  selective  action  than  the  black  bass  I  can  see  no 
present  explanation  for. 


Behavior  and  Uses  of  Copper  Sulphate  in  the  Purification 
OF  Hard  and  Turbid  Waters. 

BY   JOSEPH    W.    ELLMS,    CINCINNATI,    OHIO. 

The  proposed  general  use  of  copper  sulphate  in  connection  with 
the  filtration  of  public  water  supplies,  in  order  to  further  safe- 
guard the  purity  of  the  effluent  through  the  germicidal  properties 
of  this  compound,  immediately  raises  the  question  as  to  the  char- 
acter of  the  chemical  reactions  which  occur  when  copper  sulphate 
is  introduced  into  a  natural  water.  In  the  filtration  of  waters 
through  slow  sand  filters  without  the  use  of  chemical  coagulating 
compounds,  the  applied  copper  sulphate  would  react  with  the 
natural  constituents  of  the  water;  but  in  the  case  of  waters  coagu- 
lated and  filtered  with  the  assistance  of  chemicals,  the  latter  woidd 
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also  enter  into  the  changes  whicli  would  take  place.  From  a  few 
experiments  made  by  the  writer  the  general  character  of  these 
reactions  appeared  to  be  as  follows: 

The  bicarbonates  of  lime  and  magnesia  naturally  present  in 
most  watere  are  the  compounds  which  give  to  them  their  tempo- 
rary hardness.  It  is  with  these  salts  that  the  copper  sulphate 
reacts.  Since  no  neutral  car])onate  of  copper  is  known,  the  prob- 
ability is,  that  a  basic  carbonate  of  copper  is  first  formed,  which 
may  gradually  break  up  into  an  insolul)le  cupric  hydrate  and  free 
carbonic  acid.  The  reactions  which  take  place  may  be  represented 
as  follows: 

(1)  2CuS0,    +  2CaH,(C03),=CuC03.CuO,H,+ 2CaS0,+ 3C0,+    H,0. 
Copper  sill- +  Bicarbonate    =  Basic    carb.     +  Calcium  +  Carb.  + Water 

phate  lime  copper  sulphate      acid 

The  basic  carbonate  of  copper  may  possibly  decompose  accord- 
ing to  reaction  (2). 

(2)  CuCO^.CuOoH,  +     H,0     =  2  CuO.Hs    +  CO,. 

Basic  carb.         +    Water    =    Copper       +  Carbonic  acid 
copper  hydrate 

The  hydrate  of  copper  is  said  to  be  an  insoluble  compound.  The 
basic  carbonate  of  copper  is  more  or  less  soluble  in  water  con- 
taining carbonic  acid.* 

The  experiments  made  appeared  confirmatory  of  the  general 
character  of  the  reactions  as  outlined  above.  The  precij^itate 
was  colloidal  in  character,  separating  slowly  and  imperfectly  f rqm 
the  water.  About  40  or  50  per  cent,  of  the  copper  sulphate 
applied  to  the  water  could  be  detected  in  solution  if  the  treated 
water  was  filtered  within  ten  or  fifteen  minutes  after  applying  the 
chemical.  If  three  hours  elapsed,  however,  before  filtering,  from 
70  to  95  per  cent,  of  the  copper  was  removed,  and  at  the  end  of 
twenty-four  hours  no  copper  could  usually  be  detected  in  the 
filtered  water  by  the  colorimetric  test  employed. 

These  results  seem  to  indicate,  that  either  a  slow  deposition  of 
the  basic  carbonate  of  copper  from  its  supersaturated  solution 

*  Comey's  Dictionary  of  Chemical  Solubilities. 
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was  taking  place,  or  that  it  was  being  converted  from  a  soluble 
form  due  to  the  free  carbonic  acid  present  in  the  water,  into  an 
insoluble  hydrate  of  copper.  Whether  the  basic  carbonate  of 
copper  or  the  h3^drate  is  the  end  product  of  the  reaction  is  some- 
what uncertain  from  the  evidence  obtained.  Practically  it  is  of 
no  material  importance.  The  point  to  be  noted  is,  that  it  was 
plainly  evident  that  the  copper  compound  first  formed  was  soluble 
to  a  certain  extent,  and  that  its  solubility  slowly  diminished  as 
more  time  elapsed,  and  finally  it  was  practically  all  precipitated. 

Other  experiments  appeared  to  indicate  that  the  solubility  and 
non-precipitation  of  the  applied  copper  was  largely  due  to  the  free 
carbonic  acid  either  naturally  present  in  the  water  or  liberated 
by  the  mutual  decomposition  of  the  copper  sulphate  and  calcium 
and  magnesium  carbonates.  By  adding  caustic  lime  to  the  water 
after  introducing  the  copper  sulphate,  in  order  to  combine  with 
all  of  the  free  and  half-bound  carbonic  acid  in  solution,  all  of  the 
copper  was  very  soon  precipitated,  and  none  was  found  in  the 
filtered  sample.  If,  however,  all  of  the  free  and  half-bound  car- 
bonic acid  was  not  removed  by  caustic  lime,  then  only  a  portion 
of  the  copper  was  immediately  precipitated ;  although  after  three 
hours  had  elapsed  the  whole  of  the  copper  appeared  to  have  passed 
out  of  solution.  For  example,  when  no  lime  was  used,  only  50  per 
cent,  of  the  applied  copper  was  removed  within  ten  or  fifteen 
minutes  after  treatment;  when  a  reduction  of  23  per  cent,  in  the 
free  and  half-bound  carbonic  acid  was  effected  with  caustic  lime, 
88  per  cent,  of  the  copper  was  removed;  and  when  100  per  cent,  of 
the  free  and  half -bound  carbonic  acid  was  eliminated,  no  copper 
was  detected  in  the  filtered  sample.  When  44  per  cent,  of  the 
free  and  half-bound  carbonic  acid  had  been  removed  from  a  water 
in  another  experiment  and  the  water  allowed  to  stand  for  three 
hours,  all  of  the  copper  was  found  to  have  passed  out  of  solution. 

One  can  readily  enough  conceive  of  a  direct  reaction  occurring 
between  the  basic  carbonate  of  copper  and  the  caustic  lime  added 
as  follows: 

CuCO^.CuOjH,  -I-  CaO^H,  =  2  CuO.H,  +  CaCO,. 

In  this  case  we  have  the  basic  carl)onate  of  copper  converted 
into  the  insoluble  hvdrate. 
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The  influence  of  organic  matter  in  preventing  the  precipitation 
of  copper  is  well  known.  A  few  experiments  were  made  by  the 
writer  in  which  a  hard  water  was  artificially  colored,  in  one  case 
with  a  caramel  solution  and  in  another  with  a  leaf  infusion,  in 
order  to  imitate  a  natural  colored  water.  In  both  experiments 
only  70  per  cent,  of  the  applied  copi^er  sulphate  was  precipitated 
in  three  hours  time,  whereas  in  the  same  water  without  the  color- 
ing matter  90  per  cent,  of  the  copper  was  precipitated.  The 
residual  amount  of  copper  sulphate  in  each  of  the  "  colored  water  " 
experiments  was  between  seven  and  eight  parts  per  million.  In 
another  experiment  in  which  ten  parts  per  million  of  copper  sul- 
phate had  been  added  to  a  hard  water  colored  with  a  leaf  infusion, 
five  parts  per  million  were  found  at  the  end  of  sixteen  days.  This 
indicates  a  reduction  of  only  50  per  cent,  of  the  amount  of  copper 
sulphate  applied.  It  would  appear  from  these  results  that  the 
quantity  of  copper  held  in  solution  by  organic  matter  may  vary, 
and  that  quantities  as  great  as  five  parts  per  million  ma}^  be 
retained  in  solution  for  long  periods  of  time. 

It  was  further  found  that  by  adding  caustic  lime  to  the  water 
in  sufficient  amount,  practically  all  of  the  copper  was  precipitated. 
In  an  experiment  where  44  per  cent,  of  the  free  and  half -bound 
carbonic  acid  had  been  removed  by  caustic  lime,  no  copper  could 
be  detected  in  the  filtered  sample.  In  another  experiment  where 
the  copper  sulphate  had  been  in  solution  in  a  colored  water  for 
over  two  weeks,  an  addition  of  caustic  lime  at  the  end  of  this 
period  to  remove  a  portion  of  the  free  and  half-bound  carbonic 
acid  did  not  appear  to  entirely  remove  the  copper.  Probably 
where  a  complex  stable  compound  has  been  formed  between  the 
copper  sulphate  and  the  organic  coloring  matter,  it  would  be  nec- 
essary to  render  the  water  slightly  caustic  in  order  to  decompose 
the  copper  compound  and  cause  its  precipitation. 

So  far  as  these  few  experiments  indicate  conditioas  which  may 
exist  in  natural  waters  when  treated  with  copper  sulphate  on  a 
large  scale,  the  following  conclusions  may  be  drawn : 

1 .  That  copper  sulphate  applied  to  a  water  having  bicarbonates 
of  lime  and  magnesia  in  solution,  reacts  with  these  salts  to  produce 
a  compound  which  is  at  first  partially  soluble  in  the  water,  and 
which  only  slowly  becomes  insoluble  and  passes  out  of  solution. 
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2.  That  probably  Avithin  twenty-four  hours  all  of  the  copper 
sulphate  applied  to  a  hard  water  having  practically  no  organic 
coloring  matter  and  containing  but  little  free  carbonic  acid,  is 
converted  into  an  insoluble  form  and  can  be  filtered  out. 

3.  That  organic  coloring  matter  tends  to  retain  a  portion  of  the 
copper  and  to  prevent  its  precipitation,  and  that  its  complete 
elimination  is  not  effected  for  a  considerable  period  of  time. 

4.  That  by  the  use  of  enough  caustic  lime  to  remove  the  free 
and  half-bound  carbonic  acid,  the  a])plied  copper  sulphate  can  be 
rendered  insoluble  in  hard  waters  containing  little  organic  matter, 
and  that  colored  waters  may  require  an  excess  of  lime  so  that  the 
water  is  caustic  in  order  to  remove  all  of  the  copper. 

5.  That  the  colloidal  character  of  the  precipitated  copper  com- 
pounds renders  them  difficult  to  remove  by  sedimentation  alone, 
and  that  the  filtration  of  the  water  is  probably  necessary  for  their 
complete  and  rapid  removal. 

There  is  as  yet  comparatively  little  information  available  in 
connection  with  the  use  of  copper  sulphate  in  filtration,  from 
which  conclusive  evidence  as  to  its  efficiency  as  a  bactericidal 
agent  can  be  drawn.  The  evidence  at  hand,  however,  appears 
to  indicate  that  we  have  in  this  compound  a  valuable  aid  to  the 
purification  of  polluted  waters.  There  are  one  or  two  points  in 
connection  with  its  use  in  filtration  which  may  be  profitably  dis- 
cussed in  the  light  of  the  few  data  available.  In  the  first  place  it 
must  be  conceded  that  copper  sulphate  in  sufficient  quantity  will 
destroy  certain  disease-producing  bacteria,  such  as  the  bacilli  of 
typhoid  fever  and  cholera.  It  will  also  kill  the  intestinal  bacillus 
B.  coli  communis;  but  that  it  has  any  selective  action  in  re- 
moving from  water  any  of  the  above  organisms  in  preference  to 
the  ordinary  water  bacteria,  as  has  been  suggested,  the  writer 
does  not  believe  is  sufficiently  well  proven.  When  copper  sul- 
phate is  applied  to  a  water  containing  only  the  common  water 
bacteria,  it  would  naturally  exert  its  greatest  destructive  action 
upon  the  weaker  individuals.  The  disease-producing  germs  being 
in  an  unnatural  environment  when  in  water,  are  probably  the  first 
to  succumlj  to  the  toxic  action  of  the  copper  sul])hate  on  account 
of  their  debilitated  condition.  But  it  seems  just  as  hkely  that 
the  weaker  water  bacteria  are  also  destroyed  at  the  same  time, 
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leaving  only  the  hardier  individuals.  The  toxic  effect  of  the  copper 
is  thus  probably  selective  only  in  the  sense  of  its  being  more 
destructive  of  the  weaker  organisms.  This  appears  to  be  the  only 
rational  explanation  for  certain  results  observed  in  recent  tests 
of  two  municipal  filtration  plants  where  copper  sulphate  was 
used,  and  at  which  the  writer  was  present. 

The  amounts  of  copper  sulphate  which  a  number  of  experiment- 
ers have  reported  as  necessary  to  destroy  such  bacterial  forms  as 
B.  coli  and  B.  typhi,  are  so  much  larger  than  those  reported  by 
other  investigators  and  so  much  greater  than  appeared  effective 
in  the  tests  of  the  municipal  filtration  plants  referred  to  above, 
that  some  explanation  seems  necessar}^  As  pointed  out  by 
Moore  and  Kellerman,*  the  conditions  under  which  earlier  investi- 
gators carried  on  their  experiments  were  far  different  from  those 
existing  in  most  public  water  supplies.  The  more  recent  experi- 
ments appear  to  indicate  that  quantities  of  copper  sulphate 
ranging  from  two  to  ten  parts  per  million  of  water  are  toxic  tD 
pathogenic  or  allied  forms.  The  presence  of  much  organic  matter 
undoubtedly  retards,  if  it  does  not  even  prevent,  the  action  of  the 
copper  compounds  on  the  bacteria,  and  thus  requires  a  larger 
quantity  of  copper  to  be  used  than  that  cited  above  to  produce 
the  desired  results.  The  length  of  time  required  for  contact  of 
the  organisms  with  copper  compounds  in  order  to  destroy  them, 
appears  also  to  be  variable.  The  factors  influencing  the  quantity 
of  copper  sulphate  necessan,-  to  destroy  bacteria,  therefore,  are 
so  variable  that  only  within  rather  wide  limits  can  the  amount 
which  would  be  toxic  to  an}^  particular  organism,  be  stated. 

When  a  water  which  has  been  treated  with  copper  sulphate  is 
filtered  through  a  sand  filter,  the  insoluble  copper  which  has  not 
settled  out  in  preliminary  settling  basins,  passes  on  to  the  sand 
bed  and  is  deposited.  It  is  evident  that  the  longer  the  filter  is  in 
operation  the  greater  becomes  the  quantity  of  copper  deposited 
on  the  surface  of  the  sand  bed.  It  is  through  this  deposit  of  copper 
that  all  the  water  is  passing  which  is  being  filtered.  The  deposited 
copper  thus  forms  a  danger  zone  through  which  all  the  bacteria 
coming  ujDon  the  bed  must  pass.  Even  though  the  original  con- 
centration of  the  applied  copper  sulphate  may  be  very  small,  the 

*  Bulletin  No.  6-t,  page  29,  U.  S.  Dept.  Agriculture. 
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continuous  deposition  of  insoluble  copper  compounds  going  on  at 
the  surface  of  the  sand  has  virtually  the  effect  of  a  continually 
increasing  concentration. 

The  efficiency  of  the  copper  sulphate  depends  not  only  upon 
the  condition  of  the  organism  and  the  character  of  the  water  in 
which  they  are  disseminated,  but  on  the  opportunity  afforded  for 
the  coming  together  of  the  organism  and  the  toxic  copper  com- 
pounds. It,  therefore,  seems  very  reasonable  to  expect  that 
water  treated  with  relatively  minute  quantities  of  copper  sulphate 
will  be  effective  when  the  water  is  subsequently  filtered,  because 
the  sand  bed  offers  not  only  a  chance  for  increasing  quantities  of 
copper  to  be  deposited,  but  affords  a  place  where  actual  contact 
between  the  organism  and  the  toxic  copper  compounds  can  take 
place. 

The  copper  compounds  precipitated  are  probably  always  col- 
loidal in  character.  It  has  been  pointed  out  recently  by  one  in- 
vestigator,* that  in  this  form  it  has  a  more  rapid  toxic  effect  on 
typhoid  organisms  than  on  the  ordinary  water  bacteria.  The 
precipitation  of  the  copper  in  the  colloidal  form  is  for  some  reasons 
unfortunate,  since  in  this  condition  it  settles  out  very  slowly  and 
imperfectly.  This  property  renders  it  much  more  difficult  to 
eliminate  from  a  water  which  is  not  subsequently  filtered;  and  it 
can  be  readily  understood  that  in  the  case  of  a  water  carrying 
considerable  organic  matter,  traces  of  copper  might  be  retained 
for  a  long  period  of  time.  It  is  not  the  writer's  belief,  however, 
that  these  traces  would  be  in  the  least  harmful  to  persons  drinking 
the  water. 

The  use  of  copper  sulphate  with  chemical  coagulating  com- 
pounds somewhat  complicates  the  problem  of  its  final  disposal. 
If  sulphate  of  alumina  is  used  with  copper  sulphate  the  increased 
quantit}''  of  carbonic  acid  produced  by  the  mutual  decomposition 
of  the  sulphate  of  alumina  and  bicarbonates  of  calcium  and  mag- 
nesium would  have  a  retarding  action  on  the  precipitation  of  the 
copper.  Where  caustic  lime  and  sulphate  of  iron  are  employed 
as  coagulants,  the  former  by  removing  the  carbonic  acid  would 
tend  to  aid  the  precipitation  of  the  copper.     As  was  indicated  by 

♦  "  A  Study  of  the  Action  of  Colloidal  Solutions  of  Copper  upon  BaciUus  Typhosus,"  by 
A.  H.  Stewart,  Am.  J.  Med.  Sci.,  129,  760-769. 
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the  experiments  recorded  in  the  first  portion  of  this  paper,  the 
addition  of  hme  also  assisted  in  hastening  the  removal  of  the  ap- 
plied copper.  The  introduction  of  lime,  therefore,  affords  a  means 
of  eliminating  copper  from  soft  waters  and  from  colored  waters 
and  thereby  renders  its  use  in  slow  sand  filters  a  possibility.* 

While  the  evidence  in  regard  to  the  value  of  the  use  of  small 
quantities  of  copper  sulphate  for  its  bactericidal  effect  in  connec- 
tion with  filtration  is  limited,  still  that  which  has  been  produced 
is  worthy  of  careful  consideration.  A  thorough  scientific  inves- 
tigation of  the  whole  question,  undertaken  on  a  large  scale,  is 
especially  desirable  in  so  far  as  it  relates  to  water  purification,  in 
order  that  we  may  know  the  advantages  as  well  as  the  disad- 
vantages which  result  from  its  employment  as  a  disinfectant  of 
public  water  supplies. 


The  Use  of  Copper  Sulphate  in  Water  Filtration, 
by  h.  w.  clark,  chemist,  state  board  of  health,  boston,  mass. 

An  experiment  was  begun  at  the  Lawrence  Experiment  Station 
in  May,  1904,  in  order  to  test  the  value  of  copper  sulphate  as  an 
aid  in  the  purification  of  polluted  w-ater.  In  this  investigation 
a  large  experimental  filter,  17  feet  4  inches  in  diameter  and  con- 
taining 2h  feet  in  depth  of  good  filter  sand,  was  used.  Before 
the  beginning  of  the  copper  sulphate  experiment,  this  filter  had 
been  in  use  for  eleven  years,  filtering  Merrimac  River  water. 
Beginning  May  17,  1904,  however,  copper  sulphate  was  added  to 
the  raw  water  applied  to  this  filter,  the  amount  used  at  first  being 
1  part  of  the  sulphate  in  1  000  000  parts  of  water,  and  the  greatest 
amount  used  during  the  year  of  experiment  was  1  part  in  133  000 
parts  of  water. 

The  copper  sulphate  was  applied  directly  to  the  water  upon  the 
surface  of  the  filter,  but  the  volume  of  water  always  above  the 
sand  allowed  a  storage  of  water,  after  introduction  of  the  sulphate, 
ranging  from  five  and  one-fourth  hours  to  slightly  more  than  eight 

*  This  fact  was  pointed  out  by  Moore  and  Kellerman  in  Bulletin    No.  64,  U.  S.  Dept. 
Agriculture. 
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hours,  varying,  of  course,  with  the  rate  of  filtration  at  whicli  the 
filter  was  being  worked. 

Examination  of  the  sand  of  the  filter  from  time  to  time  during 
the  experiment  and  after  the  experiment  had  ended,  showed  the 
accumulation, of  a  large  amount  of  copper  in  the  sand,  and  also 
showed  that  the  copper  penetrated  the  entire  depth  of  the  filter. 
At  the  end  of  the  experiment,  the  amount  of  copper  in  th6  surface 
sand  of  the  filter  was  22.8  parts  per  100  000;  at  a  depth  of  12 
inches,  7.6  parts  per  100  000;  and  at  a  depth  of  24  inches,  6.8 
parts  per  100  000.  Giving  these  results  in  terms  of  copper  sul- 
phate, the  surface  sand  contained  89.5  parts  of  copper  sulphate 
per  100  000;  at  12  inches  there  were  79.8  parts  present,  and  at 
24  inches  there  were  26.6  parts  present. 

Analyses  of  the  effluent  of  the  filter  showed  that  this  effluent 
contained  copper,  calculated  as  copper  sulphate,  varying  in 
amounts  at  different  times  from  1.2  parts  per  million  parts  of  water 
to  5.8  parts  per  million  parts  of  water.  At  the  end  of  August, 
1905,  three  months  after  we  had  ceased  to  add  copper  sulphate 
to  the  applied  water,  the  effluent  contained  copper,  calculated 
as  copper  sulphate,  to  the  amount  of  3.7  parts  per  million  parts  of 
water,  showing  that  copper  was  continually  being  taken  into  solu- 
tion from  the  deposit  within  the  filter. 

The  actual  volume  of  w^ater  passed  through  this  filter  daily 
varied  from  14  000  to  26  000  gallons,  and  the  rate  of  filtration 
varied  from  2  800  000  to  4  700  000  gallons  per  acre  daily. 

In  connection  with  this  work,  experiments  were  made  in  regard 
to  the  rate  of  sedimentation  of  copper  sulphate  after  being  mixed 
with  water  in  large  tanks  at  the  Experiment  Station,  using,  of 
course,  water  of  the  same  character  as  that  used  in  the  filtration 
experiment;  and  in  one  of  these  sedimentation  experiments  it 
was  found  that  there  was  practically  no  sedimentation  of  the 
copper  until  after  a  period  of  twenty  days;  in  one,  a  reduction  of 
50  per  cent,  in  fifty-four  days;  in  one,  a  reduction  of  about  60 
per  cent,  in  sixtj'-two  days;  and  in  one,  a  reduction  of  58  per 
cent,  in  twenty-one  days.  No  sedimentation  occurred  in  periods 
of  twenty-four  or  forty-eight  hours. 

If,  therefore,  in  this  filtration  experiment,  a  sedimentation  tank 
had  been  placed  between  the  point  of  application  of  the  copper 


CLARK.  505 

sulphate  and  the  filter,  a  normal  period  of  sedimentation  would 
have  effected  little  copper  removal,  and  practically  all  the  copper 
not  passing  through  the  filter  and  appearing  in  the  effluent  would 
have  collected  upon  the  filtering  material. 

During  the  entire  period  of  this  investigation,  samples  of  the 
water  passing  to  the  filter  and  the  effluent  of  the  filter  were  taken 
daih'  for  bacterial  examination.  The  bacterial  results  obtained 
from  the  filter  during  this  experiment  when  compared  with  those 
obtained  during  the  year  previous  to  the  application  of  copper 
sulphate  to  the  raw  water,  show  no  gain  in  bacterial  removal  on 
account  of  the  use  of  the  copper  sulphate,  but  rather  the  reverse. 
During  the  year  previous  to  the  use  of  copper  sulphate,  the  raw 
water  contained  8  300  bacteria  per  cubic  centimeter  and  the  efflu- 
ent, 73  bacteria  per  cubic  centimeter  —  or  a  bacterial  efficiency 
of  99.12  per  cent.  During  the  year  of  copper  sulphate  treatment, 
the  raw  water  contained  7  400  bacteria  per  cubic  centimeter  and 
the  effluent  of  the  filter,  114  per  cubic  centimeter  —  a  bacterial 
efhcienc}^  of  98.5  per  cent.,  0.62  of  one  per  cent,  less  than  during 
the  previous  year.  During  both, years  practically  every  cubic 
centimeter  sample  of  the  raw  water  that  was  tested  contained 
bacillus  coll.  The  effluent  of  the  filter  during  the  year  before  the 
copper  treatment  contained  bacillus  coli  in  13.5  per  cent,  of  the 
cubic  centimeter  samples  examined,  and  during  the  year  of  copper 
treatment  it  was  found  in  26  per  cent,  of  the  cubic  centimeter 
samples  examined ;  samples,  of  course,  being  taken  daily.  Besides 
the  poorer  bacterial  results  obtained,  the  filter  was  less  efficient 
in  producing  an  effluent  free  from  organic  matter. 

Summarizing,  it  can  be  said  that  poorer  results  in  water  filtra- 
tion were  obtained  when  using  copper  sulphate  than  when  operat- 
ing the  same  filter  without  the  use  of  the  copper  sulphate;  a  poorer 
effluent,  organically,  was  obtained,  and  there  was  an  accumulation 
of  copper  upon  the  sand  in  the  filter  that  would  eventually  —  if 
copper,  in  the  form  in  wliich  it  remains  upon  the  sand,  has  any 
strength  at  all  as  a  bactericide  —  reduce  the  efficiency  of  the 
filter  very  greatly;  that  is,  the  biological  actions  upon  which 
good  results  with  slow  sand  filters  depend  would  be  badly 
impaired . 
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The   Use   of  Copper   Sulphate   for   Reducing   the   Patho- 
genicity OF  Sewage  and  Sewage  Effluents. 

BY    GEORGE    A.   JOHNSON,  ENGINEER  IN  CHARGE,  SEWAGE    TESTING 
STATION,    COLUMBUS,    OHIO. 

There  are  two  ways  in  which  the  sewage  of  large  communities 
is  disposed  of  at  the  present  time.  Briefly,  these  methods  may 
be  referred  to  as:  First,  by  dilution,  that  is,  by  the  dispersion  of 
the  sewage  in  its  raw  state  in  large  bodies  of  water;  and  second, 
by  artificial  methods  of  purification,  especially  filtration,  and  the 
subsequent  dispersion  of  the  effluent  in  water. 

Current  methods  for  the  artificial  purification  of  sewage  may 
be  divided  for  present  purposes  into  two  classes  wherein  fine- 
grain  and  coarse-grain  filtering  materials,  respectively,  are  made 
use  of.  The  former  processes  embrace  broad  irrigation  fields,  or 
more  limited  sandy  areas  of  selected  soil,  while  the  latter  processes 
include  the  contact  filter  and  sprinkling  filter,  both  of  which  have 
been  developed  during  the  past  ten  years.  The  fine-grain  filters 
yield  effluents  of  a  materially  higher  grade  of  purity  than  do  those 
composed  of  coarse-grain  material.  In  a  general  way,  the  former 
processes  may  ordinarily  be  expected  under  favorable  conditions 
to  remove  upwards  of  99  per  cent,  of  the  bacteria  contained  in  the 
sewage.  The  coarse-grain  filters,  on  the  other  hand,  which  are  es- 
pecially serviceable  in  making  sewage  non-putrescible,  will  remove 
perhaps  in  the  neighborhood  of  60  to  75  per  cent,  of  the  bacteria. 
Where  these  filters  treat  the  effluent  of  a  septic  tank  in  which  are 
removed  about  two  thirds  of  the  bacteria  in  the  raw  sewage,  the 
total  bacterial  purification  approximates  90  per  cent. 

The  available  data  indicate  that  the  removal  by  either  process  of 
pathogenic  and  non-pathogenic  forms  is  in  fairly  direct  proportion, 
generally  speaking.  In  studying  the  effect  which  these  remaining 
forms  of  pathogenic  bacterial  life  in  sewage  effluents  may  have  upon 
the  water  supply  of  neighboring  cities,  it  is  important  to  obtain 
light  upon  the  longevity  of  the  typhoid  bacillus  in  this  connection. 

Self-purification  of  streams,  or  more  strictly  speaking,  the 
length  of  life  of  the  tj'phoid  bacillus  in  water,  is  a  question  most 
intimately  related  to  subjects  having  to  do  with  the  pathogen- 
icity of  sewage  effluents.     As  to  methods  for  destroying  these 
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pathogenic  forms,  two  may  be  prominently  considered,  namely: 
first,  their  destruction  through  natural  causes  in  water;  and 
second,  their  destruction  by  germicidal  chemicals.  Although 
somewhat  foreign  to  the  subject  of  this  paper,  it  is  thought  that 
perhaps  the  information  recently  obtained  at  the  Columbus 
Sewage  Testing  Station  upon  the  question  of  the  methods  of 
testing  the  longevity  of  the  typhoid  bacillus  in  sewage  and  water 
may  be  of  interest  in  this  connection. 

LONGEVITY     OF    THE    TYPHOID     BACILLUS    IN  SEWAGE  AND    WATER. 

Without  going  into  a  lengthy  discussion  of  the  literature  bear- 
ing upon  this  question,  it  may  be  said  that  the  researches  of  the 
Massachusetts  State  Board  of  Health  ^  at  the  Lawrence  Experi- 
ment Station  indicated  that  the  typhoid  bacillus  lived  in  river 
water  in  decreasing  numbers  for  at  least  about  three  weeks.  Sedg- 
wick and  Winslow^  showed  with  considerable  clearness  that  certain 
resistant  forms  of  the  typhoid  bacillus  will  live  for  an  almost  in- 
definite period  of  time  in  still  water,  ice,  or  moist  earth.  Horrocks  ^ 
concludes  that  typhoid  will  live  in  sterile  sewage  for  sixty  days, 
but  that  in  unsterilized  sewage  typhoid  will  die  out  in  fourteen 
days.  Pickard  ^,'in  a  study  of  the  longevity  of  the  typhoid  bacillus 
at  Exeter,  found  that  about  99  per  cent,  of  these  organisms  died 
out  in  fourteen  days  in  septic  sewage.  Martin  '"  showed  that  in 
sterile  soil  containing  sewage  matters,  typhoid  bacilli  were  able 
to  survive  for  four  hundred  and  fifty  days,  but  in  unsterile  soil  of  a 
similar  character  he  places  the  limit  of  longevity  at  fifty  days. 
Karlinski  ^  states  that  typhoid  bacilli  may  exist  in  soil  for  more 
than  three  months.  In  feces  it  has  been  found  to  survive  for  at 
least  eight  months  at  Canton,  Mass.,  according  to  Professor  Mason.' 

Quite  recently  the  results  of  two  series  of  very  similar  inves- 
tigations of  a  particularly  extensive  character  have  been  placed 
on  record.  The  methods  of  procedure  in  these  two  investigations 
were  essentially  the  same,  consisting  in  the  suspension  of  sacs 
composed  of  collodion,  parchment,  or  celloidin,  containing  known 
quantities  of  typhoid  bacilli,  in  flowing  streams  of  Lake  Michigan 
water,  and  of  crude  and  diluted  sewages.  The  numbers  of 
typhoid  in  small  volumes  of  the  water  in  the  sacs  were  painstak- 
ingly  determined   at  intervals  by   the  most  modern   methods. 
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The  use  of  these  sacs  was  considered  to  be  quite  an  improvement 
over  tests  made  in  bottles,  in  tliat  the  germs  were  supposed  to  be 
confined  and  at  the  same  time  the  water  within  and  without  the 
sacs  was  interchanged  by  dial.ysis. 

The  resuhs  of  one  of  these  investigations  ^  showed  that  while 
about  Oo  j)er  cent,  of  the  typhoid  germs  died  out  in  running 
streams  of  Lake  Michigan  water  in  a  week  or  ten  days'  time, 
after  which  there  seemed  to  be  practically  no  further  reduction. 
In  general,  these  data  are  in  harmon}-  with  previously  obtained 
information  on  the  subject.  The  other  investigation,^  conducted 
under  somewhat  similar  conditions,  indicated  that  the  typhoid 
bacilli  were  completely  eliminated  in  aljout  ten  days,  and  that  in 
flowing  streams  of  crude  and  diluted  sewage  the  destruction  of 
these  germs  took  place  with  even  greater  rapidity,  all  organisms 
of  this  type  being  destroyed  imder  these  conditions  in  from  three 
to  four  days,  according  to  these  observations. 

These  somewhat  conflicting  data  (the  conclusions  of  Frost  and 
of  Jordan,  Russell  and  Zeit,  respectively)  suggest  the  possibility 
that  the  collodion  sacs  offered  less  opportunity  for  the  exit  of 
the  highly  motile  typhoid  ])acilli  through  the  walls  of  the  sacs 
than  did  the  sacs  of  parchment.  If  this  was  not  so,  the  thought 
presents  itself  that  possibly  after  several  days  of  service  the  initial 
integrity  of  the  parchment  sacs  was  impaired  to  an  extent  suffi- 
cient to  permit  of  the  escape  therefrom  of  the  typhoid  l)acilli.  To 
place  the  results  of  studies  of  this  character  upon  a  perfectly  sound 
basis,  positive  data  and  statements  are  rec[uired  to  show  whether 
the  initial  bacterial  integrity  of  the  sacs  containing  the  typhoid 
bacilli  continued  unimpaired  throughout  the  experiment. 

Such  definite  information  as  referred  to  is  called  for,  in  the 
opinion  of  the  writer,  for  the  reason  that  studies  in  this  lijie  made 
at  the  Columbus  Sewage  Testing  Station  have  shown  that  in  some 
instances  parchment  sacs  which  possessed  perfect  integrity  ini- 
tially, and  retained  it  throughout  the  experiments,  so  far  as  their 
dialyzing  properties  were  concerned,  permitted  the  escape  there- 
from of  bacillus  coli  when  immersed  in  distilled  water,  and  when 
submerged  in  flowing  sewage  and  polluted  water  permitted  the 
entrance,  in  a  comparatively  short  time,  of  large  numbers  of 
motile   bacteria,   including   B.    coli.     Typhoid   bacilli   were   not 
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studied  in  this  connection,  but  the  conckision  may  be  justly 
drawn,  in  view  of  the  highly  motile  character  of  the  typhoid 
bacillus,  that  if  other  less  motile  forms  could  pass  through  the 
walls  of  the  unpunctured  parchment  sacs  under  such  conditions, 
there  is  no  room  for  reasonable  doubt  regarding  the  ability  of 
typhoid  bacilli  to  act  in  a  similar  manner.  The  results  of  the 
Columbus  studies  referred  to  are  presented  in  the  following  tables: 


Table  of  Results  Illustrative  of  the  Passage  of  B.  Coli    through 
THE  Walls  of  Unpunctured  Parchment  Sacs  from  the  Outside. 


B.  coll  per  c.c.  in  the  Water  Contained  in  the  Sacs. 

Sacs  Suspended  in  a  Flowing 
Stream  of 

Number  of  Hours  the  Sacs  were  Exposed  in  Current. 

0 

48 

72 

Crude  sewage     

0 
0 
0 
0 
0 

320 
320 
120 
400 
0 

2  000 

Septic  sewage 

2  000 

Septic  sewage 

1  100 

Eff.  of  a  sewage  filter     .  . 
Polluted  water    

2  000 
40 

Table  of  Results  Illustrative  of  the  Escape  of  B.  Coli  from  Parch- 
ment Sacs  when  Immersed  in  Vessels  of  Sterilized  Water. 


Number  of  Hours  the  Sacs  were 

B.  coli  per  c.c. 

in  the  Water  Surrounding  the  Sacs. 

Suspended  in  the  Sterilized  Water. 

Sac:       a 

b    • 

c 

0 
24 

Over  1  000 
0 

Over  1  000 
0 

Over  1  000 
0 

Note:   The   dialyzing   integrity  of   all  the  sacs  used  in  the  above  studies  continued 
unimpaired  throughout  the  experiment. 


REDUCTION     OF     THE     PATHOGENICITY     OF     SEW'AGE    AND     SEWAGE 
EFFLUENTS    BY    CHEMICAL    COMPOUNDS. 

The  idea  of  sterilizing  sewage  and  sewage  effluents  is  not  new. 
About  thirty  years  ago  the  Rivers  Pollution  Commission  of  Eng- 
land was  instrumental  in  setting  on  foot  a  movement  looking  to 
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the  sterilization  of  sewagic  matter.  In  1900,  in  the  Interim 
Report  of  the  Royal  Commission  on  Sewage  Disposal  of  Great 
Britain,  the  statement  is  made  that  the  commission  was  con- 
sidering whether  means  were  available  whereby  the  destruction 
of  such  pathogenic  bacteria  as  escaped  in  the  effluents  of  artificial 
purification  processes  could  be  brought  about  in  a  practicable 
manner.  The  question  was  more  exhaustively  treated  in  their 
report  for  1902,  but  led  to  no  positive  result  other  than  a  recom- 
mendation on  the  part  of  the  commission  that  scientific  studies 
be  carried  on  to  ascertain  the  extent  of  the  danger  of  bacterial 
pollution  against  which  their  rivers  should  be  protected. 

The  difficulty  in  bringing  al:)out  the  absolute  sterilization  of 
sewage  obviously  relates  to  the  cost  entailed  by  the  use  of  an 
active  and  reliable  germicide.  Manganate  of  soda  was  used  as 
a  deodorant  for  a  time  in  London,  pending  the  opening  of  the 
precipitation  works  at  that  place.  Permanganate  of  potash  has 
been  made  use  of  for  sterilizing  purposes  by  the  British  army  in 
India.  Bleaching  powder  was  used  for  sterilizing  the  water 
supply  during  the  typhoid  epidemic  at  Maidstone  in  1897.  Elec- 
trozone  has  proven  under  favorable  conditions  to  be  an  efficient 
sterilizing  agent,  as  has  the  more  highly  expensive  peroxide  of 
chlorine.  During  1904,  the  efficiency  of  oxy chloride  as  a  germicide 
when  applied  to  sewage  effluents  was  demonstrated  by  Dr.  Rideal,*" 
who,  as  a  result  of  his  studies,  stated  that  he  found  the  process 
practical,  effectual,  and  economical.  The  efficiency  of  ozone  as 
a  germicide  when  adequately  applied  to  water  is  well  knoAvn. 
Recently  the  value  of  metallic  salts,  such  as  copper  sulphate  and 
copper  chloride,  has  received  particular  attention  in  this  connec- 
tion. 

Copper  chloride  and  copper  sulphate,  used  for  many  years  past 
by  canning  industries  to  prevent  bacterial  fermentation,  have 
been  experimented  with  by  many  investigators  to  determine 
their  effect  on  pathogenic  organisms.  In  1904,  in  experiments  of 
this  character,  presumably  suggested  by  the  revival  on  the  part 
of  the  United  States  Department  of  Agriculture  of  questions  re- 
lating to  the  efficiency  of  copper  sulphate  as  a  germicide,  Rideal 
and  Baines  "  showed  that,  when  applied  to  flasks  of  boiled  dis- 
tilled water  and  flasks  of  filtered  tap  water,  both  of  which  had 
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been  inoculated  with  bacillus  coli  and  bacillus  typhosus,  respec- 
tively, copper  sulphate  in  the  proportion  of  1  to  5  000  destroyed 
coli  in  one  hour's  contact,  but  not  typhoid.  kSimilarly,  with 
copper  chloride,  1  in  26  000  destroyed  coli  in  three  hours  and 
typhoid  in  one  hour.  In  concentration  of  1  in  100  000,  both  coli 
and  typhoid  successfully  resisted  both  copper  sulphate  and  copper 
chloride  for  at  least  twenty  hours,  the  maxinnim  period  over 
which  the  experiments  were  extended. 

The  results  of  the  researches  of  Moore  and  Kellerman  *-  in  this 
connection  are  wideh'  known.  Their  conclusions  regarding  the 
germicidal  effect  of  copper  sulphate  upon  bacillus  typhosus  are 
that  "  it  should  prove  particularly  useful  in  very  large  water 
supplies  accidentally  or  suddenly  contaminated  with  typhoid 
bacilli  and  not  provided  with  any  adequate  means  of  purification." 
They  further  state  that  "  in  general,  an  epidemic  could  be  con- 
trolled and  quickly  eradicated  by  a  solution  much  weaker  than 
1  in  100  000,  listed  as  necessary  for  complete  sterilization,  within 
twelve  hours." 

Soon  after  the  work  at  the  Columbus  Sewage  Testing  Station 
was  inaugurated,  Bulletion  No.  64  of  the  United  States  Depart- 
ment of  Agriculture  appeared,  giving  a  resume  of  the  practical 
results  obtained  from  the  treatment  of  waters  with  copper  sul- 
phate for  the  elimination  of  algal  growths.  Incidental  mention 
was  also  made  of  the  indications  that  this  chemical  might  have 
considerable  value  in  the  prevention  of  typhoid  fever,  through  its 
application  to  polluted  water  supplies  at  times  of  typhoid  fever 
epidemics.  The  subject  appeared  to  be  of  sufficient  importance 
to  merit  a  study  of  the  effect  of  copper  sulphate  when  applied 
to  sewage  and  sewage  effluents,  and  the  results  of  such  studies 
made  at  the  Columbus  Testing  Station,  and  the  practical  conclu- 
sions which  it  has  been  possible  to  draw  therefrom  are  next 
presented. 

AN  OUTLINE  OF  THE  STUDIES  MADE  AT  THE  COLUMBUS  SEWAGE 
TESTING  STATION  ON  THE  EFFECT  OF  COPPER  SULPHATE  AS  A 
GERMICIDE  WHEN  APPLIED  TO  SEWAGE  AND  SEWAGE  EFFLUENTS. 

Lack  of  time  has  prevented  the  working  out  of  many  highh' 
desirable  features  in  connection  with  the  subject  at  hand,  but 
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some  points  of  practical  significance  have  been  brought  out  in  our 
work,  the  substance  of  which  is  now  presented.  The  work  was 
aimed  particularly  at  tlie  following  questions: 

1.  Rapidity  of  the  germicidal  action  of  copper  sulphate, 
(a)  The  effect  of  temperature. 

(6)  The  effect  of  organic  matter. 

(c)  The  effect  of  carl)onates  dissolved  in  the  sewage. 

2.  Amounts  of  copper  sulphate  required : 

(a)  For  the  reduction  of  total  numbers  of  bacteria. 

(b)  For  the  destruction  of  bacteria  in  feces. 

(c)  For  the  destruction  of  bacillus  coli. 

(d)  For  the  destruction  of  bacillus  typhosus. 

The  manner  of  conducting  the  experiments  ma>'  be  briefly 
described  as  follows: 

The  effect  of  the  copper  sulphate  treatment  was  studied  in  con- 
nection with  crude  sewage,  the  effluents  of  certain  coarse-grain 
beds,  the  effluents  of  sand  filters,  fresh  feces  diluted  with  steri- 
lized distilled  water,  and  with  sterilized  distilled  water  inoculated 
with  pure  cultures  of  bacillus  typhosus. 

All  tests  were  made  in  volumes  of  at  least  100  cubic  centimeters, 
antl  the  copper  sulphate  was  added  in  the  form  of  an  aqueous 
solution,  freshly  prepared  for  each  test.  The  chemical  was 
ordinary  commercial  copper  sulphate  (CUSO4  +  SHoO),  and  was 
found  on  analysis  to  be  95  per  cent.  pure.  Except  where  other- 
wise stated,  the  test  flasks  w^ere  kept  at  a  constant  temperature 
of  20°  C.  The  culture  media  employed  in  the  work  were  prepared 
in  strict  accordance  with  the  methods  recommended  by  the  Com- 
mittee on  Standard  Methods,  1905.^^  The  numbers  of  bacteria 
were  determined  after  incubation  of  the  gelatine  plate  cultures 
for  forty -eight  hours  at  20°  C.  In  the  tests  to  show  the  reduction 
in  numbers  of  bacillus  coli  and  bacillus  typhosus,  strict  determi- 
native differentiating  tests  were  employed  in  all  cases,  that  no 
doubt  might  remain  regarding  the  identity  of  these  organisms 
before  and  after  the  copper  sulfohate  treatment.  These  tests 
were  carried  out  in  the  manner  described  by  the  Committee  on 
Standard  Methods,  1905. 

The  results  presented  below  represent  in  each  instance  the 
averages  of  from  three  to  five  separate  series  of  tests.     It  may  be 
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of  interest  to  record  the  fact  that  no  startlingly  radical  differences 
were  noted  in  the  resnlts  of  the  individual  tests. 

Acknowledgment  here  is  due  and  gratefully  made  to  Mr.  W.  R, 
Copeland  and  Mr.  C.  B.  Hoover  for  the  important  part  which 
they  took  in  the  studies  outlined  above.  A  preliminary  report 
of  the  results  of  these  experiments  was  presented  at  the  Havana 
meeting  of  the  American  Public  Health  Association." 

THE  EFFECT  OF  COPPER  SULPHATE  ON  THE  BACTERIAL  CONTENT 
OF  SEWAGE  AND  SEWAGE  EFFLUENTS. 

The  results  presented  in  Tables  Nos.  1,  2,  3,  and  4  show  that 
when  used  in  the  proportion  of  1  to  1  000,  the  germicidal  action 
of  the  chemical  continues  uninterruptedly  for  twenty -four  hours. 
Apparently  the  chemical  must  be  added  in  ciuantities  in  excess 
of  1  part  in  10  000  to  prevent  the  bacteria  from  increasing  in 
numbers  after  a  period  of  contact  of  al^out  six  hours. 

EFFECT  OF  ORGANIC  MATTER  AND  DISSOLVED  CARBONATES  ON 
THE  GERMICIDAL  POWER  OF  COPPER  SULPHATE  IN  SEWAGE  AND 
SEW^\GE    EFFLUENTS. 

In  the  tests  designed  to  show  the  effect  of  organic  matter  and 
alkalinity  on  the  germicidal  power  of  copper  sulphate  in  sewage 
and  sewage  effluents,  cnide  sewage  and  the  respective  effluents  of 
a  sprinkling  filter  and  a  sand  filter  were  used.  The  flask  cultures 
were  prepared  in  triplicate,  namely,  undiluted,  and  diluted  one 
to  one  and  one  to  two  parts  of  distilled  water,  respectively. 

The  results  presented  in  Tables  Nos.  5,  6,  and  7  indicate  that 
while  there  appears  to  be  a  fairly  well-defined  tendency  for  the 
germicidal  power  to  increase  as  the  amount  of  organic  matter 
is  diminished,  within  the  limits  of  our  tests  the  differences  thus 
shown  were  too  slight  to  be  of  practical  significance. 

EFFECT  OF  TEMPERATURE  ON  THE  GERMICIDAL  POWER  OF  COPPER 

SULPHATE. 

The  results  presented  in  Table  No.  8  bring  out  forcibly  the 
effect  which  low  temperatures  have  in  slowing  down  the  germi- 
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cidal  action  of  copper  sulphate.  In  a  general  way,  irrespective 
of  the  amount  of  chemical  used,  2^  times  as  many  bacteria  were 
destroyed  after  one-half  hour  in  the  flasks  set  at  20°  C.  as  in  the 
flasks  set  at  5°  C;  15  times  as  many  after  two  hours,  and  20 
times  as  many  after  six  hours.  At  the  end  of  eighteen  hours  the 
numbers  of  bacteria  in  the  flasks  containing  the  lowest  amount 
of  chemical  luul  increased  to  a  point  where  further  comparison 
of  this  character  was  made  impossible.  There  were  no  such 
increases  noted  in  the  flasks  kept  at  the  low  temperature. 

EFFECT  OF  COPPER  SULPHATE  ON  THE  BACTERIAL  CONTENT  OF 

FECES. 

In  this  test  5  grams  of  fresh  feces  were  diluted  with  1  500  culjic 
centimeters  of  sterilized  distilled  water.  Two  sets  of  flask  cul- 
tures were  prepared,  one  set  being  placed  at  a  temperature  of 
5°  C,  and  the  other  at  25°  C.  The  control  cultures  showed  the 
characteristic  effect  of  temperature  on  the  rate  of  multiplication 
of  bacteria  under  such  conditions,  and  the  effect  of  temperature 
on  the  germicidal  power  of  copper  sulphate  was  again  clearly 
brought  out. 

The  rapidity  of  action  of  the  chemical  was  normal.  An  inter- 
esting fact  was  brought  out  during  this  test,  when  it  was  shown 
that  the  control  cultures  contained  no  spore-forming  bacteria. 
This  fact  effectually  disposed  of  the  suspicion  that  the  bacteria 
which  were  able  to  withstand  the  high  concentrations  of  the 
chemical,  and  even  increase  prodigiously  in  numbers  after  a  time, 
might  be  enabled  to  do  so  by  their  spore-forming  proclivities. 

EFFECT  OF  COPPER  SULPHATE   ON  BACILLUS  COLI  IN  CRUDE 
SEWAGE  AND  SEWAGE  EFFLUENTS. 

In  Tables  Nos.  10,  11,  and  12  are  presented  the  results  of  tests 
to  show  the  effect  of  copper  sulphate  on  bacillus  coli  in  sewage 
and  in  sewage  effluents.  As  previously  mentioned,  all  of  the 
<lif'ferential  tests  for  bacillus  coli  were  determinative. 

The  results  show  that  when  the  chemical  was  applied  to  crude 
sewage  in  the  proportion  of  1  to  10  000,  the  coli  were  exterminated 
within  one  hour.      In  concentrations  of  1  to  50  000,  200  bacilhis 
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coll  persisted  for  one  hour;  10  for  six  hours;  and  all  of  the  bacillus 
coll  were  dead  at  the  end  of  twenty -four  hours.  In  the  culture 
flasks  prepared  from  the  effluent  of  a  sprinkhng  filter,  10,  20,  and 
100  hacillus  coli  persisted  for  one  hour  in  concentrations  of  one 
part  of  copper  sulphate  in  1  000,  5  000,  and  50 000  parts  of  effluent, 
respectively.  Tests  made  at  the  end  of  six  hours  showed  all  of 
the  bacillus  coli  to  be  dead  in  all  of  the  flasks.  In  the  flasks  pre- 
pared from  the  effluent  of  a  sand  filter,  the  coli  were  apj^arentiy 
all  dead  at  the  end  of  one  hour  in  the  flasks  where  the  chemical 
was  used  in  the  proportion  of  1  to  1  000.  In  those  flasks  where 
the  concentrations  were  1  in  10  000,  50  coli  persisted  for  one  hour, 
and  one  for  six  hours.  All  bacillus  coli  were  dead  at  the  end  of 
twentv-four  hours. 


EFFECT  OF  COPPER  SULPHATE  OX  BACILLUS  TYPHOSUS. 

The  severest  test  of  all,  from  the  standjx)int  of  the  ability  of 
the  organism  to  resist  the  effect  of  the  chemical,  was  applied  in 
connection  with  studies  designed  to  show  the  effect  of  copper 
sulphate  on  bacillus  typhosus.  Flasks  in  duplicate  of  sterilized 
water  were  inoculated  with  a  culture  of  bacillus  typhosus.  One 
set  of  flasks  was  set  at  a  temperature  of  7°  C,  the  other  at  28°  C. 
The  typhoid  cultures  used  were  obtained  from  Parke,  Davis  & 
Co.,  and  from  the  Ohio  State  University.  The  former  culture 
was  apparently  fresh,  while  the  latter  was  an  old  stock  culture. 
Both  were  rejuvenated  before  use  in  accordance  with  the  method 
recommended  by  the  Committee  on  Standard  Methods,  1905, 
and  readily  responded  to  the  agglutination  test  when  the  experi- 
ment was  begun. 

At  a  temperature  of  7°  C,  the  control  culture  showed  a  reduc- 
tion in  the  number  of  typhoid  bacilli  from  200  000  to  8  000,  or 
about  96  per  cent.,  in  forty -eight  hours.  Small  numbers  of 
typhoid  persisted  in  all  of  the  treated  flasks  for  forty-eight  hours 
at  this  temperature.  Concentrations  ranging  from  1  in  50  000 
to  1  in  4  000  000  were  used. 

At  a  temperature  of  28°  C,  75  out  of  200  000  typhoid  persisted 
in  a  concentration  of  1  in  50  000  for  one  hour,  but  all  were  ap- 
parently dead  at  the  end  of  four  hours.     In  a  concentration  of 
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1  in  100  000,  550  typhoid  bacilli  were  alive  at  the  end  of  one  hour; 
10  at  the  end  of  four  hours;  and  1  at  the  end  of  seven  hours.  The 
weaker  concentrations  showed  a  fairly  consistent  falling  off  in 
germicidal  jiower  as  the  amount  of  the  chemical  was  decreased. 


TABLE  No.  1. 
Copper  Sulphate  vs.  Bacteria  in  Crude  Sewage. 

i  Organic  Nitrogen,   6.3  parts  per  million. 
Alkalinity,  376         „        ,,         „ 

Bacteria,  1  200  000  per  cubic  centimeter. 


Bacteria  per  c.c.  Total  Numbers. 

Hours  of  Contact. 

0 

1 

6 

24 

CuSo^       0 
„   1  in  1  000 
„   1  „  10  000 
„   1  „  50  000 

1  200  000 
1  200  000 
1  200  000 
1  200  000 

1  200  000 

3  000 

9  500 

14  000 

6  000  000 
190 
250 
700 

14  000  000 

35 

200 

3  400  000 

TABLE    No.  2. 

Copper  Sulphate  vs.  Bacteria  in  the  Effluent  of  a  Sprinkling 

Filter. 

{Organic  Nitrogen,    4.0  parts  per  million. 
Alkalinity,  290       ,,         „         ,, 

Bacteria,  1  000  000  per  cubic  centimeter. 


Hours  of  Contact. 

1 

3 

6 

24 

Average 

CuSo^     0 

1  000  000 

2  200  000 

3  300  000 

3  300  000 

Number 

„   1  in   1  000 

1  000 

240 

75 

49 

of 

„   1  „   5  000 

5  000 

600 

170 

80 

Bacteria 

1  „  10  000 

6  000 

500 

190 

130 

per 

„   1  „  25  000 

3  400 

700 

310 

360  000 

Cubic 

„   1  „  50  000 

11  000 

1  900 

1  200 

1  100  000 

Centimeter. 

„   1  „  100  000 

21  000 

4  500 

3  500 

3  500  000 
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TABLE    No.  3. 
Copper  Sulphate  vs.  Bacteria  in  the  Effluent  of  a  Contact  Bed. 

iQrganic  Nitrogen,    2.7  parts  per  million. 
Alkalinity,  320  „        „  ,, 


Bacteria,  400,000  per  cubic  centimeter. 


Hours  of  Contact. 

1 

3 

6 

24 

Average 

CUSO4 

0 

600  000 

850  000 

1  200  000 

1  600  000 

Number 

„       1  in 

1000 

430 

60 

40 

30 

of 

5  000 

1  100 

130 

65 

45 

Bacteria 

10  000 

2  100 

230 

100 

2.50 

per 

25  000 

1200 

230 

430 

37  000 

Cubic 

50  000 

3.500 

600 

1  100 

65  000 

Centimeter. 

100  000 

7  500 

1200 

1800 

800  000 

TABLE    No.  4. 

Copper  Sulphate  vs.  Bacteria  in  the  Effluent  of  an  Intermittent 

Sand  Filter. 

!  Organic  Nitrogen,   0.87  parts  per  million. 
Alkalinity,  270  „       ,,         ,, 

Bacteria,  280  000  per  cubic  centimeter. 


Hours  of  Contact. 

1 

3 

6 

•24 

Average 

CuSO,              0 

310  000 

410  000 

440  000 

700  000 

Number 

„       1  in      1 000 

2  100 

280 

70 

22 

of 

„       1  „       5  000 

6  000 

1400 

350 

40  000 

Bacteria 

„       1  „     10  000 

5  500 

1800 

430 

90  000 

per 

„       1  „     25  000 

6  500 

1300 

800 

100  000 

Cubic 

„       1  „     50  000 

13  000 

2  600 

3  000 

470  000 

Centimeter. 

„       1  „  100  000 

20  000 

5  000 

5  500 

450  000 
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TABLE    No.  5. 

Copper   Sulphate  vs.   Bacteria   in   Undiluted   and   Diluted   Crude 

Sewage. 

(Tests  for  Numbers  of  Bacteria  made  at  Start,  and  after  1  Hour's  Contact.) 


Parts  of  Dilution  Water  (HjO). 

0 

1 

2 

Parts  per 

Organic  Nitrogen   

8.9 

4.4 

3.0 

Million. 

Alkalinit}''    

400 

200 

133 

Average 
X'umber 

of 

Bacteria 

per 

Cubic 

Centimeter. 

Before  adding  CUSO4 
CUSO4  1  in      1  000 
„      1  „       5  000 
„      1  „     10  000 
„      1  „     25  000 
„      1  „     50  000 
„      1  „  100  000 

3  300  000 

2  300 

5  000 

12  000 

23  000 

68  000 

128  000 

1  900  000 

1600 

4  000 

9  000 

12  000 

30  000 

46  000 

1  200  000 
950 
1000 
2  200 
1  100 
8  000 
17  000 

Average  number  in  all  treated  flasks  . 

40  000 

17  000 

5  000 

Percentage  re 

iuction 

98.8 

99.1 

99.6 

TABLE  No.  6. 

Copper  Sulphate  vs.  Bacteria  in  the  Undiluted  and  Diluted  Effluent 
OF  A  Sprinkling  Filter. 

(Tests  for  Numbers  of  Bacteria  made  at  Start,  and  after  1  Hour's  Contact.) 


Parts  of  Dilution  Water  (H2O). 

0 

1 

2 

Parts  per 
Million. 

Organic  Nitrogen 

6.7 

3.3 

2.2 

Alkalinity    

328 

164 

101 

Average 
Number 

of 

Bacteria 

per 

Cubic 

Centimeter. 

Before  adding  CuSO, 
CuSO,  1  in      1  000 
„       1  „       5  000 
„       1  „     10  000 
„       1  „     25  000 
„       1  „     50  000 
„       1  „  100  000 

550  000 
850 
3  700 
6  000 
5  500 
8  500 
15  000 

300  000 
500 
1800 
3  800 
3  100 
3  900 
3  000 

170  000 
400 
500 
1900 
1200 
2  100 
1600 

Average  number  in  all  treated  flasks  . 

6  600 

2  700 

1300 

Percentage  re 

duction    

98.8 

99.1 

99.2 
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TABLE    No.  7. 

Copper  Sulphate  vs.  Bacteria  in  the  Undiluted  and  Diluted  Effluent 
OF  AN  Intermittent  Sand  Filter. 

(Tests  for  Numbers  of  Bacteria  made  at  Start,  and  after  1  Hour's  Contact.) 


Parts  of  Dilution  Water  (HoO) 

0 

1 

2 

Parts  per 
Million. 

Organic  Nitrogen 

1.62 

0.81 

0.54 

Alkalinity    

360 

180 

120 

Average 
Number 

of 

Bacteria 

per 

Cubic 

Centimeter. 

Before  adding  CUSO4 
CuSO^  1  in       1  000 
„       1  „       5  000 
„       1  „     10  000 
„       1  ,,     25  000 
„       1  „     50  000 
„       1  „  100  000 

200  000 
5  500 
18  000 
12  000 
18  000 
48  000 
60  000 

130  000 
3  300 

18  000 

5  000 

6  500 
15  000 

19  000 

100  000 
2  700 
2  100 

1  200 

2  000 
6  000 
9  000 

Average  number  in  all  treated  flasks  . 

26  900 

11  100 

3  800 

Percentage  re( 

iuction    

87 

91 

96 

TABLE  No.  8. 

Effect  of  Temperature  on  the  Germicidal  Power  of  Copper 
Sulphate  in  a  Contact  Bed  Effluent. 


Concentra- 

Temperature 

at  which 
Flasks  were 

Kept 
during  Test. 

Bacteria  per  Cubic  Centimeter. 

tion  of 
Copper 

Period  of  Contact  in  Hours. 

Snlpliate 
Employed. 

0 

05 

2 

6 

18 

1  in 
25  000 

1  in 
50  000 

1  in 

100  000 

.5°C. 
20 

5 
20 

5 
20 

490  000 
600  000 

500  000 
600  000 

460  000 
600  000 

37  000 
15  000 

48  000 
18  000 

100  000 
44  000 

24  000 
1300 

34  000 

2  900 

.50  000 

3  300 

5  500 
250 

3  900 
650 

24  000 
700 

1  300 
350 

1800 
3  900 

2  600 
81  000 

Percentage  Reduction  in  Numbers. 


1  in 
25  000 

5 
20 

92.5 
97.5 

95.1 
99.7 

98.9 
99.9 

99.7 
99.9 

1  in 
50  000 

5 

20 

90.4 
97.0 

93.2 
99.5 

99.2 
99.9 

99.6 
99.3* 

1  in 

100  000 

5 
20 

78.3 
92.7 

89.1 
99.5 

94.8 
99.9 

99.4 
86.5* 

*  Note.  —  These  figures  are  distorted  by  increases  in  the  number  of  bacteria  after  the 
chemical  lost  its  germicidal  power. 
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TABLE  No.  9. 

Copper  Sulphate  vs.  Fecal  Bacteria. 
(Five  grams  fresh  feces  in  1  500  c.c.  sterilized  distilled  water.) 


Bacteeia  per  c.c. 

Flasks  Standing  at  5°  C. 

Flasks  Standing  at  25° 

C. 

Hours  Contact 

0 

' 

3 

6 

28 

0 

1 

3 

6 

28 

CUSO4       0 

800 

600 

1  200 

1  200 

600 

800 

1200 

1200 

2  800 

2  000  000 

,.   1  in   50  000 

800 

600 

360 

270 

21 

800 

25 

2 

0 

,   1  „   100  000 

800 

550 

260 

120 

15 

800 

15 

1 

0 

7  700 

,   1  „   250  000 

800 

500 

500 

400 

35 

800 

50 

15 

2 

13  000 

,   1  „   500  000 

800 

500 

750 

490 

100 

800 

100 

23 

10 

12  000 

.   1  „  1  000  000 

800 

1  200 

500 

330 

70 

800 

100 

38 

25 

17  000 

,   1  „  2  000  000 

800 

300 

900 

700 

450 

800 

600 

100 

65 

10  000 

,   1  „  4  000  000 

800 

800 

700 

700 

550 

800 

600 

450 

500 

110  000 

tablp:  xo.  10. 

Copper  Sulphate  vs.  Bacillus  Coli  ix  Crude  Sewage. 

t  Organic  Nitrogen,  6.3  parts  per  million. 
J  Alkalinity,  376         


Initial  Composition  of  Sewage. 


)  Bacteria,  1  200  000  per  cubic  centimeter. 

V  B.  coli  communis,  10  000  per  cubic  centimeter. 


Bacteria  per  c.c. 

Total  Numbers. 

B.  Coli. 

Hours  Contact  . . 

0 

1 

6 

24 

0 

1 

6 

24 

CUSO4    0 

1  in  1  000 
„   1  „  10  000 
„   1  „  50  000 

1.2* 
1.2* 
1.2* 
1.2* 

1  200  000 

3  000 

9  500 

14  000 

6  000  000 
190 
250 
700 

1 

14  000  000: 1  10  000 

35  i  10  000 

200  ■  10  000 

3  400  000  10  000 

20  000 

0 

0 

200 

40  000  40  000 

0     0 

0     0 

10     0 

*  Note.  —  Million. 

TABLE  No.  11. 

Copper  Sulph.\te  vs.  Bacillus  Coli  in  the  Effluent  of  a 
Sprinkling  Filter. 


Initial  Composition  of  Effluent. 


(  Organic  Nitrogen,    2.0  parts  per  million. 

)  Alkalinity,  248  

\  Bacteria,       300  000  per  cubic  centimeter. 
V  B.  coli  commiinis,  2  000  per  cubic  centimeter. 


Bacteria  per  c.c. 

Total  Number. 

B.  Coli. 

Hours  of  Contact  .  . 

0 

1 

6 

24 

0 

1 

6 

24 

CUSO4     0 
„   1  in  1  000 
„   1  „  10  000 
„   1  „  50  000 

300  000 
300  000 
300  000 
300  000 

380  000 

150 

2  500 

95  000 

750  000 

65 

125 

500 

300  000 

80 

300 

200  000 

2  000 
2  000 
2  000 
2  000 

2  000 

10 

20 

100 

5  000 
0 
0 
0 

10  000 
0 
0 
0 
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TABLE  No.  12. 
Copper  Sulphate  vs.  Bacillus  Coli  ix  the  Effluext  of  ax 

IXTERMITTENT    SaND    FiLTER. 


Initial  Composition  of  Etlluen 


J^ 


Organic   Nitrogen,  0.4G  parts  per  million. 

Alkalinity  240 

Bacteria,  29  000  per  cubic  centimeter. 

B.  coli  communis,  1  000  per  cubic  centimeter. 


Bacteria  per  c.c. 

Total  Numbers. 

B.  Coli. 

Hours  of  Contact  .  . 

0 

1 

6 

24 

0 

1 

6 

24 

CUSO4       0 
„   1  in   1  000 
„   1  „  10  000 
„   1  „  100  000 

29  000 
29  000 
29  000 
29  000 

40  000 

50 

100 

200 

45  000 

3 

10 

10 

270  000 

6 

50 

3  500 

1  000 
1  000 
1000 

1000 

0 

50 

3  000 
0 

1 

5  000 
0 
0 

TABLE  No.  13. 

Copper  Sulphate  vs.  Bacillus  Typhosus. 

(Flasks  of  sterilized  water,  H2O,  inoculated  with  rejuvenated  culture  of  bacillus  tyi)hosus 
Number  of  typhoid  at  start,  200  000  per  cubic  centimeter.) 


Flasks  Standing  at  7 

°C. 

Flasks  Standing  at  28°  C. 

Hours  of 

Contact. 

1 

4 

7 

48 

1 

4 

7 

48 

CaS04       0 

150  000 

50  000 

50  000 

8  000 

290  000 

178  000 

140  000 

220  000 

„   1-  50  000 

21000 

3  100 

700 

2 

75 

0 

0 

0 

„   1-100  000 

25  000 

2  400 

700 

4 

550 

10 

1 

0 

1-500  000 

21000 

1  600 

900 

3 

800 

15 

3 

0 

„  1-1  000  000 

19  000 

1  800 

500 

65 

1  500 

50 

7 

0 

„  1-2  000  000 

32  000 

10  000 

12  600 

120 

11  000 

150 

10 

1 

„  1-4  000  000 

92  000 

63  000 

31000 

5  500 

6  000 

60 

15 

4 

BRIEF    DISCUSSION    OF    THE    TABLES. 

Except  for  the  purpose  of  making  the  data  as  complete  as  pos- 
sible, the  effect  of  copper  sulphate  on  the  total  numbers  of  bac- 
teria in  sewage  and  sewage  effluents  has  but  little  direct  bearing 
on  the  matter  at  hand.  As  shown  by  the  results  presented  above, 
there  are  some  forms  of  bacterial  life  which  are  able  to  resist  the 
action  of  copper  sulphate  for  days,  and  for  some  or  all  of  these 
forms,  in  cases  where  less  than  1  part  of  the  chemical  in  10  000 
parts  of  sewage  or  sewage  effluent  is  used,  copper  sulphate  loses 
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its  germicidal  power  after  about  six  hours,  and  from  that  time  on 
these  forms  continue  to  rapidly  increase  in  numbers.  So  far  as 
is  known,  and  judging  from  the  results  of  our  tests,  these  resisting 
forms  are  non-pathogenic. 

The  deleterious  effect  of  organic  matter  and  dissolved  car- 
bonates on  the  germicidal  power  of  copper  sulphate  has  not  been 
clearly  brought  out  in  our  tests.  They  are  doubtless  somewhat 
of  a  factor,  but  within  practical  limits,  judging  from  the  results 
presented  above,  they  cannot  be  considered  as  materially  dis- 
turbing elements. 

The  effect  of  temperature  is  the  most  important  physical  feat- 
ure ainong  factors  which  have  to  do  with  the  germicidal  power 
of  this  chemical.  The  significance  of  this  fact  is  immediately 
apparent  when  it  is  recalled  that  it  is  frequently  during  the 
cool  weather  that  the  elimination  of  the  typhoid  bacillus  is 
the  most  urgently  desired.  During  extreme  cold  weather,  when 
the  water  approaches  the  state  of  maximum  density,  the  action 
of  copper  sulphate  as  a  germicide  is  very  slow,  relatively  speak- 
ing, and  the  results  presented  in  Table  No.  13  show  that  a  com- 
paratively large  number  of  typhoid  bacilli  resisted  the  action  of 
this  chemical,  when  used  in  the  proportion  of  1  in  50  000  for  a 
period  of  seven  hours.  Attention  is  here  called  to  the  fact  indi- 
cated by  the  results  in  Table  No.  13,  that  at  a  low  temperature 
concentrations  of  1  in  1  000  000  will  effect  on  typhoid  practically 
the  same  result  as  would  a  concentration  of  1  in  50  000;  but  that 
lower  concentrations  than  1  in  1  000  000  give  markedly  inferior 
results.  At  the  warmer  temperatures  the  same  thing  is  true  in 
a  measure,  although  there  is  a  sharper  gradation  in  the  germicidal 
power  of  the  chemical  as  the  concentrations  are  increased.  Where 
the  storage  facilities  were  adecjuate  to  permit  of  a  period  of  con- 
tact of  several  hours,  as  weak  a  concentration  as  1  in  1  000  000 
would  be  practically  as  effective  as  one  twenty  times  as  great  so 
far  as  killing  the  great  majority  of  the  typhoid  germs  is  concerned. 

As  to  the  effect  of  coj^per  sulphate  on  bacillus  coli  in  sewage  and 
sewage  effluents,  it  seems  reasonable  to  assume  that,  within 
limits,  the  points  established  in  connection  with  this  organism 
may  be  applied  with  a  considerable  degree  of  directness  to  the 
typhoid  bacillus.     It  was  deemed  to  be  impracticable  to  attempt 
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a  stud}'  of  the  effect  of  the  chemical  upon  the  typhoid  bacillus  in 
unsterilized  sewage  and  sewage  effluents,  and  bacillus  coli  was 
studied  in  its  stead.  All  of  these  tests  were  made  at  a  compara- 
tively high  temperature,  20°  C,  and  the  results  showed  that, 
generally  speaking,  a  considerable  number  of  these  organisms 
could  and  did  resist  the  germicidal  effect  of  the  chemical  for 
something  like  six  hours  or  more,  in  both  sewage  and  sewage 
effluents,  when  as  high  a  concentration  of  the  copper  sulphate  as 
1  in  50  000  was  employed. 

COST    OF    COPPER    SULPHATE. 

In  Table  No.  14  there  are  listed  the  various  concentrations  em- 
ployed in  the  tests  above  described,  giving  also  corresponding 
figures  to  show  the  amounts  of  the  chemical  in  grains  per  gallon, 
pounds  per  million  gallons,  and  cost  for  chemical  per  million 
gallons.  In  these  figures  only  the  bare  cost  of  the  chemical  is 
given,  no  allowance  being  made  for  the  cost  of  devices  for  its 
application,  or  for  supervision  and  attendance  charges. 


TABLE  No.  14. 
Cost  of  Copper  Sulphate  per  Million  Gallons. 


Grains  per 

Pounds  per 

Cost  for  Chemical 

Concentration. 

Gallon. 

Million  Gallons. 

per  Million  Gallons 
@  $0.06  per  Pound. 

1  in          1  000 

58.500 

8  357.1 

$501.43 

1  „           .5  000 

11.700 

1  671.4 

100.29 

1  „         10  000 

5.850 

835.7 

50.14 

1  „        25  000 

2.340 

334.3 

20.06 

1  „        .50  000 

.1.170 

167.1 

10.03 

1  „      100  000 

0..585 

83.6 

5.01 

1  „      2.50  000 

0.234 

.33.4 

2.01 

1  „      500  000 

0.117 

16.7 

1.00 

1  „      7.50  000 

0.078 

11.1 

0.67 

1  „  1000  000 

0.058 

8.4 

0..50 

1  „  2  000  000 

0.029 

4.2 

0.25 

1  „  3  000  000 

0.019 

2.8 

0.17 

1  „  4  000  000 

0.014 

2.1 

0.13 

1  „  5  000  000 

0.012 

1.7 

0.10 

SUMMARY   AND    CONCLUSIONS'. 

The  evidence  seems  to  be  reasonably  sound  that  certain  types 
of  the  typhoid  bacillus,  possessing  special  powers  of  resistance, 
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may  successfully  evade  not  only  natural  destruction  when  found 
outside  the  human  body,  but  also  almost  all  reasonable  attempts 
toward  their  extermination  by  the  use  of  copper  sulphate  when 
applied  within  practicable  limits  of  economy  on  a  large  scale. 
These  especially  hardy  types  constitute  perhaps  but  a  small  frac- 
tion of  all  typhoid  bacilli,  but  even  so,  they  are  a  specific  menace 
to  the  public  health. 

There  is  ample  evidence  on  record  to  prove  beyond  peradven- 
ture  that,  through  natural  causes,  the  vast  majority  of  typhoid 
germs  die  out  fairly  quickly  in  sewage  and  running  water  into 
which  they  find  their  way.  The  data  are  quite  as  conclusive  that 
artificial  purification  of  sewage  by  fine-grained  filters  will  result 
in  a  substantial  elimination  of  such  organisms.  That  complete 
sterilization  of  sewage  effluents  and  polluted  water  may  be 
effected  by  chemical  means  is  also  an  indisputable  fact,  but  the 
difficulty  and  cost  entailed  by  their  entirely  successfid  use  are 
decided  drawbacks  to  their  practical  application. 

With  increasing  knowledge  of  the  difficulties  and  expense  of 
hygienically  treating  at  sewage  works  the  entire  water-carried 
wastes  of  a  city,  the  more  practical  and  important  becomes  the 
plan  of  thoroughly  disinfecting  all  dejecta  before  they  leave  the 
sick  room.     Here  it  can  be  done  effectively  at  small  cost. 

While  the  effluents  of  all  artificial  processes  may  perhaps  be 
properly  regarded  as  "  potentially  dangerous,"  the  effluent  of  a 
process  where  sand  filtration  at  low  rates  is  employed  for  the 
purification  of  sewage  is  undoubtedly  the  most  desirable  hygieni- 
cally of  all  the  known  processes  which  have  been  practiced  to  date. 
The  treatment  of  sewage  on  sand  filters,  however,  is  ver>"  expen- 
sive for  some  localities,  particularly  where  the  material  for  the 
sand  beds  must  be  transported  from  a  distance.  In  some  places 
its  cost  would  be  prohibitive.  Sewage  treatment  in  coarse-grain 
filters  is  apparently  much  less  expensive  under  ordinary  condi- 
tions. The  effluent  of  such  works  is  decidedly  inferior  hygieni- 
cally to  that  obtainable  from  sand  filters.  It  does  not  seem 
improbable,  therefore,  that  in  some  localities  a  place  of  usefulness 
will  be  found  for  copper  sulphate,  in  reducing  the  pathogenicity 
of  coarse-grain  filter  effluents  to  a  point  where  they  will  be  com- 
parable with  those  from  sand  filters. 
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Experiments  upon  the  Removal  of  Microscopic  Organisms 
FROM  Ponds  and  Reservoirs  by  the  Use  of  Copper  Sul- 
phate. 

BY    X.    H.    GOODNOUGH.* 

The  possibility  of  the  removal  of  microscopic  organisms  from 
the  waters  of  ponds  and  reservoirs  by  the  use  of  copper  sulphate 
was  brought  to  the  attention  of  the  State  Board  of  Health  of 
Massachusetts  by  Dr.  George  T.  Moore  some  three  years  ago,  and 
experiments  upon  this  method  of  imj^roving  the  water  of  reser- 
voirs affected  by  such  growths  were  begun  under  my  direction  in 
the  year  1903.  The  work  has  been  carried  on  by  Mr.  Henry  E. 
Mead,  an  assistant  engineer  of  the  State  Board  of  Health,  and 
during  the  past  two  years  five  ponds  and  reservoii's  have  been 
treated  with  copper  sulphate,  some  of  them  several  times,  and 
the  results  observed.  In  addition,  the  results  of  the  application 
of  copper  sulphate  to  two  other  ponds  and  reservoirs  by  persons 
not  connected  with  the  State  Board  of  Health  have  been  noted. 

The  application  of  the  copper  sulphate  was  made  in  the  earlier 
cases  under  the  advice  of  Dr.  Moore  and  under  the  immediate 

*  Chief  Engineer,  State  Board  of  Health  of  Massachusetts,  Boston,  Mass. 
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direction  of  his  assistants,  Messrs.  Kellerman  and  Robinson,  and 
in  tlie  later  cases  by  Mr.  Mead,  who  has  followed  the  methods  in 
which  he  was  instructed. 

It  is  impossible  to  do  more  in  the  time  reasonably  allowaljle 
for  a  discussion  of  the  papers  presented  than  to  give  an  outline 
of  these  experiments  and  refer  briefly  to  the  results. 

The  sources  which  have  l)een  used  for  experiment  are  the  Bel- 
chert  own  reservoir  in  the  town  of  Belchertown,  Mass.,  used  for- 
merly as  a  source  of  i:)ublic  water  supply  by  the  city  of  Springfield, 
and  the  Arlington,  Lexington,  and  Quincy  storage  reservoirs,  and 
Jamaica  Pond,  formerly  used  as  sources  of  water  supply  b}''  por- 
tions of  the  Metropolitan  district  near  Boston.  The  biological 
and  chemical  characteristics  of  most  of  these  waters  were  very 
well  known,  as  a  result  of  frec[uent  examinations  of  their  waters 
covering  periods,  in  most  cases,  of  many  years.  Fewer  examina- 
tions had  been  made  of  the  water  of  Belchertown  reservoir  before 
the  experiments  were  begun  than  of  any  of  the  othei's,  but  enough 
was  known  to  show  that  this  reservoir  was  affected  annually  by 
the  presence  in  the  summer  season  of  great  numbers  of  the  organ- 
ism Anabcena. 

BELCHERTOWN    RESERVOIR. 

Belchertown  reservoir  was  originally  constructed  for  mill  pur- 
poses many  years  before  it  was  used  as  a  source  of  water  supply. 
Its  area  is  about  35  acres,  its  general  depth  from  4  to  5  feet  when 
full  to  the  level  of  the  overflow,  the  maximum  depth  being  7  feet, 
and  it  holds  when  full  about  56  000  000  gallons.  The  bottom  is 
of  mud,  and  the  drainage  area  of  about  3.2  square  miles  contains 
large  areas  of  swamp.  Over  much  of  the  area  of  the  reservoir 
the  water  is  ordinarily  covered  with  growths  of  chara,  pond  lilies, 
and  water  weeds  of  various  sorts.  The  reservoir  contains  the 
fish  common  to  this  region.  The  water  is  highly  colored  and 
contains  practically  at  all  times  a  large  quantity  of  organic  matter. 

This  reservoir  was  first  treated  with  copper  sulphate  on 
July  21,  1904,  in  a  quantity  amounting  to  1  part  of  copper 
sulphate  to  8  000  000  parts  of  water,  Anabcena  having  appeared 
earlier  in  the  month  and  increased  until  the  filaments  numbered 
1  200  per  cubic  centimeter.     There  were  also  other  organisms 
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present  in  the  water,  about  ten  different  I-cinds  being  noted,  but 
the  numbers  of  each  were  small.  The  copper  was  applied  at  the 
Belchcrtown  reservoir  and  iilso  in  all  of  the  other  cases  by  placing 
it  in  gunny  sacks  and  trailing  it  through  the  water  at  the  stern  of 
a  boat  until  the  copper  became  thoroughly  dissolved,  effort  being 
made  to  reach  all  parts  of  the  reservoir. 

After  the  application  of  the  copper  to  Belchertown  reservoir 
on  July  21,  1904,  the  numbei-s  of  Anabcena  decreased  rapidly,  and 
the  organism  had  practically  disappeared  wuthin  six  days,  though 
occasionally  one  or  two  were  found  in  subsecpent  samples  up  to 
August  18.  The  numbers  of  other  organisms  present  in  this 
water  also  rapidly  decreased  after  the  copper  was  applied,  until 
on  the  twenty-seventh  day  of  July,  within  six  days  after  the 
treatment,  they  numbered  about  370  per  cubic  centimeter;  but 
from  this  point  they  increased  with  great  rapidity  to  nearly  4  000 
per  cubic  centimeter  toward  the  end  of  August,  and  subsequently 
to  nearly  5  000  per  cubic  centimeter  in  September.  The  numbers 
then  gradually  fell  off  w4th  the  approach  of  winter. 

The  organisms  which  grew  most  abundantly  after  the  disap- 
pearance of  the  Anabcena  were  Asterionella  and  Tabellaria,  and  but 
very  few  other  organisms  of  any  kind  were  present.  At  the  time 
of  this  first  treatment  three  fish  —  suckers  —  were  found  dead  in 
the  reservoir.  Some  doubt  was  expressed  as  to  whether  these 
fish  w^ere  killed  by  the  copper. 

In  1905,  Anabcena  appeared  in  Belchertown  reservoir  much 
earlier  than  in  the  previous  year,  and  by  the  middle  of  May  the 
numbers  had  become  excessive.  The  treatment  of  the  reservoir 
was  delayed  until  June  13,  when  copper  was  applied  in  a  quantity 
amounting  to  1  part  in  8  000  000  parts  water,  the  same  as  in  the 
previous  year.  After  this  treatment  the  numbers  of  Anabcena 
decreased  somewhat,  but  early  in  July  they  began  to  multiply 
again  and  the  reservoir  was  again  treated,  on  Jul}^  18,  with  the 
same  quantity  of  copper  sulphate,  1  part  in  8  000  000  parts  of 
water.  After  this  treatment  the  numbers  of  Anabcena  gradually 
diminished,  and  none  have  been  found  since  August  4. 

After  the  disappearance  of  the  Anabcena,  Scenedesmus  appeared 
in  large  numbers,  but  at  the  time  of  the  most  recent  available 
examination  —  August  29  —  while  the  number  of  genera  repre- 


528  THE  COPPER  TREATMENT  OF  WATER. 

sented  was  much  larger  than  usual,  the  number  of  organisms 
was  much  smaller  than  in  the  previous  year,  amounting  to  less 
than  1  000  per  cubic  centimeter.  No  dead  fish  were  found  after 
either  of  the  treatments  in  1905,  nor  did  the  fish  appear  to  be 
visibly  affected. 

The  quantity  of  copper  present  in  the  water  of  the  reservoir 
was  found  to  vary  greatly  at  different  times,  and  some  of  the 
samples  contained  a  much  greater  quantity  of  copper  than  the 
quantity  applied,  indicating  an  uneven  distribution  of  the  copper 
in  the  water  at  different  times.  The  reservoir  is  very  shallow,  as 
already  stated,  and  the  water  becomes  greatly  agitated  at  times 
of  high  winds. 

ARLINGTON    RESERVOIR. 

Arlington  reservoir  has  an  area  of  29.2  acres  at  the  level  of  the 
overflow  and  holds  about  66  000  000  gallons.  It  is  shallow,  the 
maximum  depth  being  about  9  feet,  and  the  general  depth  not 
over  7  feet.  The  watershed  at  present  has  an  area  of  about  1.1 
square  miles.  The  water  is  highly  colored  and  contains  usually 
a  ver}^  large  quantity  of  organic  matter.  The  reservoir  has  been 
subject  to  growths  of  Anabcena,  which  have  sometimes  appeared 
in  enormous  numbers,  but  it  is  not  affected. by  Anah(Bna  in  every 
year.  It  has,  however,  contained  other  organic  growths  which 
have  made  the  water  very  objectionable  for  water  supply  pur- 
poses. 

Copper  sulphate  was  applied  to  the  reservoir  four  times  in  the 
years  1903  and  1904.  The  first  application  of  copper  sulphate 
to  this  reservoir  was  made  August  5,  1903,  and  this  was  the  first 
of  the  experiments  made  by  the  State  Board  of  Health  upon  the 
use  of  copper  in  clearing  reservoirs  from  organic  growths.  At  the 
end  of  June,  1903,  the  total  number  of  organisms  in  the  reservoir 
numbered  nearly  13  000  per  cubic  centimeter,  consisting  chiefly 
of  Scenedesmus,  Synedra,  and  Asterionella.  The  numbers  de- 
creased during  July  to  a  miniumm  of  about  4  000  b}^  the  first  of 
August,  and  then  began  to  increase  again,  and  on  August  5  num- 
bered about  5  000  per  cubic  centimeter,  consisting  almost  wholly 
of  Scenedesynus.  The  quantity  of  copper  sulphate  apjilied  was 
1  part  in  1  500  000  parts  of  water.     After  the  copper  was  applied 
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the  number  of  organisms  increased  for  a  day  or  two  and  then 
diminished.  They  then  rapidly  increased  to  a  maximum  of 
somewhat  more  than  8  000'  per  cubic  centimeter,  chiefly  Scene- 
desmus.  Toward  the  latter  part  of  August  they  again  increased 
to  a  maximum  of  nearly  12  000,  Scenedesmus  continuing  to  be 
the  principal  organism  present. 

Organisms  reapi)eared  in  May,  1904,  in  numbers  running  up  to 
IS  000  per  cubic  centimeter,  consisting  chiefly  of  Synedra  and 
Scenedesmus,  the  organism  which  was  most  prominent  in  the 
previous  year,  but  after  the  culmination  of  this  growth  in  the 
latter  part  of  May,  the  mmiber  of  organisms  decreased  rapidly 
until  about  the  middle  of  June,  when  the  number  present  had 
fallen  to  about  1  000  per  cubic  centimeter.  At  this  point  a 
growth  of  Staurastrum  appeared,  and  the  number  of  organisms 
again  increased  to  nearly  9  000  per  cubic  centimeter  by  the  latter 
part  of  June,  diminishing  by  the  middle  of  July  to  about  1  500, 
and  then  rapidly  increasing  again  toward  the  end  of  the  month 
to  about  6  000,  the  organisms  present  being  almost  a  pure  cul- 
ture of  Staurastrum. 

On  July  28,  copper  was  again  applied  in  a  quantity  amounting 
to  1  part  in  3  700  000  parts  of  water.  The  growth  of  organisms 
decreased  for  a  day  or  two,  but  subsequently  increased  until 
August  8,  when  the  number  had  risen  to  9  000  per  cubic  centi- 
meter, still  almost  wholly  Staurastrum. 

On  August  10,  co]5per  was  again  applied  in  a  quantity  amount- 
ing to  1  part  in  700  000  parts  of  water.  The  organisms  then 
decreased  rapidly  for  a  week,  and  the  Staurastrum  very  soon 
disappeared  almost  entirely,  but  was  rapidly  replaced  by  a 
growth  of  Protococcus  and  Scenedesmus  and  other  organisms  until 
a  total  of  9  500  was  reached  near  the  end  of  August,  when  copper 
sulphate  was  applied  a  fourth  time  on  August  30,  in  a  quantity 
amounting  to  1  part  in  700  000  parts  of  water.  The  organisms 
then  diminished  rapidly  from  9  500  to  about  3  000  in  the  early 
part  of  September.  The  growth  then  increased  rapidly  to  more 
than  11  000  by  the  middle  of  October,  and  remained  high  until 
the  early  part  of  November,  when  it  gradually  diminished  as 
cold  weather  approached.  No  fish  were  killed  by  the  first  two 
treatments  of  1  part  of  copper  in  1  500  000  parts  of  water  on 
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August  5,  1903,  or  1  part  in  3  700  000  parts  of  water  on  July  28, 
1904,  but  the  application  of  copper  in  a  quantity  equivalent  to 
1  part  in  700  000  parts  of  water  on  August  10,  1904,  caused  the 
death  of  about  fifty  white  perch  about  six  inches  in  length,  but 
no  other  dead  fish  were  found,  and  even  while  these  fish  were 
floating  in  the  water,  Ijoys  were  catching  similar  fish  on  the  shores 
of  the  reservoir.  No  fish  were  apparentl}'  affected  by  the  appli- 
cation of  copper  amounting  to  1  ])art  in  700  000  parts  of  water 
on  August  30,  notwithstanding  the  very  large  quantity  of  copper 
which  still  remained  in  the  reservoir  from  previous  treatments. 

Determinations  of  the  quantity  of  copper  present  show  that  it 
remained  in  the  water  of  the  reservoir  in  large  quantity,  though  it 
gradually  diminished.  The  quantity  of  copper  sulphate  applied  in 
the  three  treatments  in  1904  amounted  to  about  1  part  in  300  000. 
On  January  9,  1905,  the  quantity  present  in  the  water  was  1  part 
in  7  100  000  parts  of  water.  On  June  23,  1905,  the  quantity  of 
copper  found  in  the  water  was  1  part  in  21  000  000.  Microscop- 
ical examinations  in  1905  show  that  enormous  organic  growths 
still  continue  in  this  reservoir.  Sijnedra  appeared  in  great  num- 
bers early  in  May,  rising  to  23  000  per  cubic  centimeter  toward 
the  end  of  the  month,  nearly  a  pure  culture  of  this  organism. 
Staurastrum  and  Scenedesmus  appeared  in  July,  and  Anabcena 
appeared  for  the  first  time  in  this  reservoir  for  several  years  in 
August,  rising  to  176  per  cul)ic  centimeter  on  September  1.  The 
general  condition  of  the  reservoir  water  has  been  very  objection- 
able both  during  and  since  the  experiments. 

LEXINGTON    RESERVOIR. 

Lexington  reservoir  has  an  area  of  about  five  acres  and  a 
storage  capacity  of  about  eight  million  gallons.  Its  depth  is  about 
eight  feet,  and  its  bottom  contains  but  little  mud  and  organic 
matter.  Soon  after  its  construction  in  1893  its  water  was  affected 
by  a  considerable  number  of  organisms,  chiefly  of  the  smaller 
kinds,  but  frequently  by  the  Infusoria  which  have  made  the 
water  at  times  objectionable  on  account  of  taste  and  odor.  Two 
experiments  have  been  made  in  the  application  of  copper  sul- 
phate in  this  reservoir,  the  first  being  on  Fel)ruary  28.  1905, 
when  the  quantity  applied  was  1  part  in  1  000  000  parts  of  water. 
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The  copper  was  applied  in  the  usual  burlap  sacks  through  a 
single  hole  in  the  ice,  the  object  of  applying  the  copper  in  this 
way  being  to  observe  its  diffusion  in  the  water.  Samples  were 
taken  before  and  after  treatment  at  four  different  points  in  the 
reservoir,  and  at  different  depths  at  each  point.  The  results  of 
this  test  show  that  the  copper  settled  to  the  bottom  of  the  reser- 
voir beneath  the  hole  through  which  it  was  applied  and  remained 
there,  spreading  but  little  until  the  breaking  up  of  the  ice  on  April 
4.  After  the  breaking  up  of  the  ice,  the  copper  quickly  diffused 
throughout  the  water  of  the  reservoir,  and  during  April  was 
equally  distributed  in  all  portions  of  it  from  which  samples  were 
taken.  In  June  large  quantities  of  Uroglena  appeared  in  the 
reservoir  at  a  time  when  the  quantity  of  copper  still  present  in 
the  water  amounted  to  1  part  in  25  000  000  parts  of  water. 
Copper  was  then  applied  at  the  rate  of  1  part  in  20  000  000  parts 
of  water,  and  on  the  next  day,  July  1,  the  average  quantity  of 
copper  present  in  the  water  was  1  part  in  12  000  000  parts  of 
water.  The  Uroglena  disappeared  in  about  a  week  and  did  not 
again  appear.  On  July  25  the  quantity  of  copper  remaining  in 
the  water  had  diminished  to  1  part  in  32  000  000. 

QUINCY   RESERVOIR. 

This  reservoir  has  an  area  of  45  acres  and  holds  when  full  about 
170  000  000  gallons  of  water.  The  maximum  depth  is  about  27 
feet,  and  the  bottom  contains  considerable  mud  and  organic 
matter.  The  reservoir  is  made  up  of  two  widely  separated  arms 
which  join  at  the  dam.  A  large  brook  flows  into  the  upper  end 
of  one  of  the  arms  and  this  stream  is  the  main  feeder  of  the  reser- 
voir; the  other  arm  occupies  a  narrow  crooked  valley  with  a 
very  small  watershed,  and  receives  no  considerable  amount  of 
water.  The  reservoir  was  built  in  1887  as  a  source  of  water 
supply,  but  its  use  has  been  discontinued.  The  water  is  consid- 
erably colored  and  contains  in  the  summer  season  large  quantities 
of  organic  matter,  and  frequently  numbers  of  organisms,  Diato- 
macecB  being  the  most  abundant,  though  blue-greens  sometimes 
have  been  present  in  large  numbers ;  green  algse  and  occasionally 
Infusoria  have  been  fairly  numerous. 

Only  one  experiment  has  been  made  at  this  reservoir,  and  the 
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object  in  this  case  was  to  study  the  diffusion  of  copper  sulphate. 
r)n  ]\Iarch  7,  1905,  when  the  reservoir  was  covered  with  a  foot  or 
more  of  ice,  copper  was  applied  in  a  quantity  amounting  to  1  part 
in  1  000  000  parts  of  water.  All  of  the  copper  was  applied  at 
the  u])])er  end  of  the  arm  which  receives  the  main  feeder  of  the 
reservoir,  and  all  of  it  was  dissolved  through  a  single  hole  in  the 
ice.  Previous  to  the  treatment,  samples  were  taken  at  nine 
sampling  stations,  three  in  each  arm,  and  three  running  across  the 
reservoir  parallel  to  the  dam  and  250  feet  from  it.  Samples  were 
taken  frequently  until  April  7,  at  which  time  the  ice  had  disap- 
peared from  the  reservoir.  It  was  found  that  the  copper  settled 
to  the  bottom  as  soon  as  applied,  and  while  the  ice  remained 
moved  very  slowly  toward  the  dam.  No  copper  appeared  in  the 
other  arm  of  the  reservoir  imtil  after  the  breaking  up  of  the  ice. 

The  samples  collected  immediately  after  the  ice  disappeared 
show  that  the  copper  had  become  evenly  diffused  throughout 
both  arms  and  all  parts  of  the  reservoir.  Subsequently,  after  the 
stratification  of  the  water  in  May,  the  copper  appeared  to  con- 
centrate in  the  lower  layei's,  though  considerable  quantities  of  it 
still  remained  in  the  upper  layers  of  the  reservoir. 

The  watershed  of  this  reservoir  is  about  one  thousand  acres,  and 
much  of  the  copper  was  carried  out  of  the  reservoir  at  the  time  the 
ice  broke  up  by  the  freshet  flow  from  the  watershed. 

JAMAICA    POND. 

Jamaica  Pond  is  a  natural  pond,  and  was  the  original  source  of 
water  supply  of  a  portion  of  the  city  of  Boston.  Its  use  was  con- 
tinued up  to  1892.  Its  area  is  about  seventy  acres  and  it  holds 
about  six  hundred  million  gallons  of  water.  It  is  very  deep,  with 
steep  shores  for  the  most  part,  though  there  is  one  shallow  cove. 
The  maximum  depth  of  the  pond  is  about  fifty  feet.  The  water- 
shed is  small  in  proportion  to  the  capacity  of  the  pond,  and  the 
Avater  changes  very  slowly.  Under  ordinary  conditions  the 
water  is  nearly  clear  and  colorless. 

This  pond  has  been  affected  for  many  years  by  enormous 
growths  of  the  organism  Oscillaria,  which,  however,  have  not 
appeared  in  every  year,  but  usually  in  every  other  year.  The 
organism  appeared  in  great  numbers  in  the  year  1903,  and  copper 
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sulphate  was  applied  on  vScptember  23  of  that  year.  The  quan- 
tity applied  in  this  case  was  1  part  in  1  500  000  parts  of  water, 
and  in  this  case  a  small  amount  of  lime  was  added  three  days  after 
the  treatment.  The  Oscillaria  gradually  disappeared  from  the 
water  and  did  not  appear  in  1904. 

In  the  3^ear  1905  the  organism  again  appeared  in  great  numbers, 
and  copper  sulphate  was  applied  on  August  19  in  a  quantity 
amounting  to  1  part  in  2  000  000  parts  of  water.  The  applica- 
tion of  the  copper  took  several  hours,  and  it  was  noticed  that 
fish  began  to  be  affected  about  three  hours  after  the  treatment 
began,  and  within  the  week  following  it  is  estimated  that  from 
4  000  to  6  000  fish  died  as  a  result  of  the  treatment.  The  fish 
represented  nearly  all  of  the  kinds  present  in  the  pond,  including, 
it  is  said,  some  of  the  eels.  Many  of  the  fish  were  taken  for  exami- 
nation, and  all  the  specimens,  with  one  exception,  were  found  to 
be  females. 

The  examinations  show  that  the  numbers  of  Oscillaria  are 
diminishing  and  the  pond  is  clearing  somewhat,  but  the  results 
of  this  test  are  not  yet  available. 

,  Samples  were  collected  to  determine  the  quantity  of  copper 
present  in  the  pond  both  before  and  after  treatment.  Before 
treatment,  copper  was  found  in  quantities  ranging  from  1  part 
in  about  50  000  000  at  the  surface  to  1  part  in  127  000  000  in 
the  bottom  water.  The  copper  was  appHed,  as  is  already  stated, 
on  August  19.  On  August  21  samples  were  taken  at  two 
different  places  in  the  pond  and  at  various  depths,  the  results 
showing  that  in  two  samples  collected  at  the  surface  the  quan- 
tity was  one  part  in  1.1  millions  and  one  part  in  1.4  millions. 
At  a  depth  of  15  feet  the  quantities  were  one  part  in  4.1  millions 
and  one  part  in  3  millions,  respectively,  at  the  two  stations. 
At  a  depth  of  30  feet  the  quantity  of  copper  at  both  stations 
was  1  part  in  32  000  000  parts  of  water,  and  at  a  depth  of 
45  feet  the  quantity  of  copper  at  one  station  was  1  part  in 
47  000  000.  The  sample  from  the  other  station  was  lost  in 
transit. 

Thus  it  appears  that  two  days  after  the  treatment  the  copper 
was  concentrated  mainly  in  the  upper  la)-ers  of  the  pond.  The 
water  of  this  pond  becomes  markedly  stratified  in  the  summer 
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season,  the  temperature  at  the  bottom  remaining  in  the  neigh- 
borhood of  50°  F.,  while  the  temperature  of  the  surface  water 
rises  to  that  found  in  other  ponds  in  this  region. 

Two  other  tests  of  the  application  of  copper  by  persons  not 
connected  with  the  State  Board  of  Health  have  been  made,  the 
results  of  which  have  been  noted.  In  Crystal  Lake  in  Newton,  a 
small  pond  situated  in  a  densely  populated  residential  district, 
but  not  used  as  a  source  of  water  supply,  Anabosna  appeared  in 
great  numbers  early  in  August,  and  on  August  18  copper  sulphate 
was  applied  to  the  water  in  a  quantity  amounting  to  1  part  in 

4  000  000  parts  of  water. 

In  this  instance  also  a  number  of  fish  died,  and  analyses  of 
samples  of  water  collected  on  September  1,  two  weeks  after  the 
treatment,  showed  that  the  copper  remained  very  largely  in  the 
upper  layers  of  the  pond,  while  very  little  was  present  in 
the  water  nearer  the  bottom.  The  Anabcena  diminished  slowly 
at  first  and  then  quite  rapidly,  until  on  September  26  the  num- 
bers had  become  insignificant.  Other  organisms,  however,  grew 
rapidly  as  the  Anabcena  diminished,  Scenedesmus  appearing  in 
very  large  numbere  in  the  latter  part  of  September.  In  this  pond, 
as  in  Jamaica  Pond,  a  great  variation  in  the  temperature  was 
noted  between  the  surface  and  bottom  waters,  though  the  depth 
of  the  pond  is  much  less  than  that  of  Jamaica  Pond. 

Massapoag  Lake  in  Sharon  has  an  area  of  about  three  hundred 
and  fifty  acres  and  is  used  as  a  source  of  ice  supply,  but  not  for 
water  supply.  The  ice  company,  in  order  to  rid  the  pond  of  an 
excessive  growth  of  Anabcena,  which  is  said  to  have  injured  the 
quality  of  the  ice,  applied  copper  sulphate  to  the  water  of  the 
lake  in  October,   1904,  in  a  quantity  amounting  to   1  part  in 

5  000  000  parts  of  water.  Subsequent  to  this  treatment  the  fish 
died  in  great  numbers,  and  it  is  estimated  that  250  000  fish  of  all 
kinds  and  sizes  were  found  dead  upon  the  shores  of  this  lake 
within  a  short  time  after  the  application  of  the  copper  sulphate. 

SUMMARY. 

Summarizing  a  few  of  the  more  notable  results  of  these  experi- 
ments, it  is  found  that  in  Belchertown  reservoir  the  copper  sul- 
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phate  quickly  destro.yed  the  Anabcena  the  first  time  it  was  apjilied 
at  the  rate  of  1  part  in  S  000  000  parts  of  water.  Anaboena  ap- 
peared in  the  following  year  much  earlier  than  usual  and  were  not 
destroj^ed  by  an  application  of  the  same  quanity  of  copper  as  in 
the  previous  year,  but  were  destroyed  by  a  second  application 
of  this  quantity.  The  organisms  decreased  in  numbers  much 
less  rapidly  than  at  the  time  copper  was  applied  in  the  previous 
year.  After  the  Anabcena  had  disappeared  when  copper  sulphate 
was  first  applied  (in  1904),  other  organisms  quickly  grew  in  great 
numbers.  Whether  this  will  be  true  in  the  present  year  remains 
to  be  seen. 

At  Arlington  the  treatment  of  the  water  with  copper  sulphate 
even  in  large  quantities  had  very  little  effect  upon  the  number 
of  organisms  contained  in  the  water,  and  the  condition  of  this 
reservoir  as  regards  the  presence  of  organisms  was  not  in  any  way 
improved  by  the  application  of  the  copper. 

At  Jamaica  Pond  the  application  of  copper  sulphate  in  1903 
destroyed  the  Oscillaria  and  they  did  not  appear  in  1904,  though 
as  stated,  this  organism  rarely  appeai-s  in  large  numbers  in  two 
succeeding  years.  The  Oscillaria  appeared  again  in  great  num- 
ber, however,  in  1905,  and  the  numbers  have  thus  far  dimin- 
ished  slowly. 

Very  great  differences  were  found  in  the  effect  of  the  copper 
upon  the  fish  in  the  different  reservoirs,  and  great  differences  in 
the  action  of  the  copper  upon  the  fish  in  the  same  reservoir  at 
different  times.  Practically  no  fish  were  killed  in  the  treatment 
of  any  of  the  storage  reservoii-s  —  Belchertown,  Lexington, 
Quincy,  or  Arlington  —  except  that  in  the  latter  a  small  number 
were  killed  upon  the  application  of  quantities  of  copper  in  excess 
of  the  amounts  usually  deemed  necessary  for  the  destruction  of 
Anabcena  and  similar  organisms.  On  the  other  hand,  in  all  of  the 
natural  ponds  treated,  Jamaica  Pond,  Massapoag  Lake,  and 
Crystal  Lake,  fish  were  killed,  in  some  cases  in  enormous  numbers. 
The  application  of  1  part  of  copper  in  2  000  000  parts  of  water 
in  Jamaica  Pond  in  August  of  the  present  3'ear-  resulted  in  the 
death  of  many  fish,  though  no  fish  at  all  were  killed  by  the  appli- 
cation of  copper  sulphate  in  September,  1903.  The  ap])lication 
of  copper  suljDhate  to  Crystal  Lake  in  an  amount  equal  to  one 
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half  the  quantity  applied  at  Jamaica  Pond  about  the  same  date 
caused  the  death  of  numbers  of  fish,  while  the  a])])lication  of  only 
1  part  of  cojiper  in  5  000  000  i)arts  of  water  to  Massapoag  Lake 
resulted  in  the  death  of  many  thousand.  Many  of  the  fish  killed 
in  Massapoag  Lake  and  Jamaica  Pond  were  of  large  size,  black  bass 
from  four  to  five  pounds  in  weight  being  among  the  victims. 

The  great  differences  in  the  diffusion  of  copper  in  water  imder 
different  conditions  are  also  remarkal)le.  Deposited  in  a  pond 
under  the  ice,  it  sank  to  the  bottom  and  diffused  but  slowly  until 
after  the  breaking  up  of  the  ice,  but  when  the  ice  broke  up  and 
the  water  was  com})letely  turned  over  by  the  winds  in  the  early 
spring,  the  diffusion  was  complete. 

At  Belchertown  reservoir  the  copper  was  found  to  be  highly 
concentrated  in  some  of  the  samples.  Recent  observations  upon 
the  application  of  copper  to  Jamaica  Pond  and  Crystal  Lake  show 
that  its  diffusion  in  the  summer  also  may  be  very  slow  vmder 
some  conditions,  and  that  the  copper  may  become  highly  con- 
centrated in  the  upper  layers  of  the  water. 

The  results  of  these  experiments  show  in  general  that  copper 
sulphate  when  applied  to  the  water  of  a  pond  or  reservoir  does 
not  in  many  cases  diffuse  evenly,  and  that  there  is  danger  that 
when  this  substance  is  applied  to  waters  of  ponds  or  reservoirs 
used  as  sources  of  water  supply  much  stronger  solutions  of  this 
substance,  which  is  regarded  as  poisonous  even  in  very  small 
quantities,  may  be  delivered  to  consumers  than  is  indicated  bj'' 
the  ratio  of  the  quantity  applied  to  the  total  contents  of  the  pond. 

DISCUSSION. 

Mr.  Karl  F.  Kellerman.*  I  have  very  little  to  say,  Mr. 
President,  and  I  do  not  want  to  interfere  with  what  other  men 
who  are  to  participate  in  this  discussion  are  more  a])le  to  bring 
before  you  than  I  am.  There  is  one  point,  however,  which  I 
think  probably  might  not  l^e  dwelt  upon,  which  seems  to  me  to 
deserve  especial  attention,  and  that  is  the  character  of  the  water 
that  is  to  be  treated.  I  think  the  water  itself  deserves  consid- 
erable study  before  the  application  of  the  copper  can  be  made  to 

*  U.  S.  Bureau  of  Plant  Industry,  Washington,  D.  C. 
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the  best  advantage.  As  Dr.  Moore  said  to  you  at  the  beginning, 
referring  to  the  susceptibility  of  different  fish,  we  recognize  that 
brook  trout  is  probably  the  most  sensitive  fish,  yet  a  few  years 
ago  one  of  the  gentlemen  connected  with  the  Bureau  of  Fisheries 
told  me  of  some  experiments  he  had  been  carrying  on  in  Wiscon- 
sin, and  there,  with  water  that  is  exceptionally  hard  and  contains 
a  rather  unusually  low  amount  of  free  carbonic  acid,  he  was  able 
to  add  a  quantity  of  copper  nearly  a  hundred  times  as  great  as 
that  species  of  fish  can  ordinarily  endure.  I  think  this  indicates 
that  before  a  \\ater  can  be  treated  successfully  for  algal  growths, 
and  before  it  is  possible  to  treat  it  with  safety  to  the  fish,  it  is 
necessar}^  not  only  to  know  the  organism  for  which  you  are  going 
to  treat,  but  also  the  character  of  the  water  with  which  you  are 
to  deal. 

I  think  this  point  is  emphasized  to  some  extent  Ijy  the  dis- 
crepancies between  the  papers  of  Mr.  Ellms  and  of  Mr.  Clark, 
Mr.  Ellms  reporting  the  precipitation  of  the  copper  within  twenty- 
four  to  forty -eight  hours,  depending  on  the  character  of  the  water, 
chiefly  the  organic  matter  contained.  In  Mr.  Ellms'  report  it  is 
stated,  I  believe,  that  the  organic  matter,  even  when  he  had 
rather  a  high  quantity,  was  able  to  delay  precipitation  only  about 
twenty -four  hours,  while  Mr.  Clark  has  just  told  you  that  in  his 
experiments  precipitation  was  sometimes  delayed  for  more  than 
twenty  days. 

New  England  water  must  be  considered,  therefore,  more  or 
less  in  a  class  by  itself,  because  so  far  as  our  experience  has  gone, 
the  reports  of  the  western  chemists  are  unanimous,  I  think,  as  to 
the  comparatively  rapid  precipitation  of  the  copper.  We  have 
only  a  few  figures  on  eastern  waters,  and  those  of  Mr.  Clark  are 
far  and  away  the  most  extreme  as  to  the  length  of  time  of  the 
copper  remaining  in  solution.  If  popular  prejudice  or  scientific 
demand  requires  the  study  of  the  final  disposition  of  the  copper,  or 
requires  its  complete  elimination  from  the  water,  further  research 
and  perhaps  additional  processes  will  have  to  be  inaugurated. 

Mr.  Earle  B.  Phelps.*  One  of  the  most  interesting  obser- 
vations of  Dr.  Moore  and  of  Prof.  Kraemer  is  the  germicidal 

*  Massachusetts  Institute  of  Technology,  Boston,  Mass. 
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effect  of  metallic  copper  upon  typhoid  infected  water  with  which 
the  copper  may  come  in  contact;  and  the  suggestion  has  been 
made  that  the  use  of  copper  utensils,  water-tanks,  pitchers,  and 
drinking  goblets,  might  be  of  some  service  in  protecting  us  against 
infection.  The  United  States  Geological  Survey,  through  the 
Division  of  Hydro-Economics,  has  been  carrr>'ing  ovit  some  studies 
upon  the  subject  of  the  copper  canteen,  as  to  its  availability  for 
general  army  use  and  for  use  among  the  field  parties  of  that  bureau, 
and  these  investigations  have  been  placed  in  my  hands.  Perhaps 
the  results,  so  far  as  they  are  available,  ma}'  be  of  interest  at  this 
time. 

It  is  obviously  impossi])le  to  use  clean  scoured  copper  canteens, 
and  Professor  Kraemer  found  it  necessar}^,  and  other  workers 
have  always  found  it  necessary,  to  keep  their  copper  plates  clean 
and  scoured.  I  have  attempted  in  my  experiments  to  imitate 
as  far  as  possible  perfectly  natural  conditions,  and  I  think  none 
of  us  would  consider  cleaning  with  acid  a  feasil^le  thing  in  the  field 
or  in  the  army.  I  started  with  clean  copper  canteens,  cleaned 
with  oxalic  acid  and  very  thoroughly  rinsed.  From  that  time  on 
the  canteens  were  not  treated  in  any  way,  but  they  were  allowed 
to  accumulate  any  coating  or  tarnish  which  might  form.  The 
first  series  of  experiments  was  made  with  Boston  tap  water,  and 
following  out  the  idea  of  using  natural  conditions  I  did  not 
sterilize  or  filter  the  water,  but  took  it  just  as  it  came  from  the 
tap.  Of  course  I  had  to  use  large  numbers  of  the  typhoid  germs  in 
order  to  detect  them  with  certainty  at  the  conclusion  of  the  ex- 
periment. The  detection  of  the  typhoid  organisms  was  in  ever\' 
case  checked  up  at  the  end  of  the  experiment  by  the  Widal  test, 
which,  of  course,  is  the  only  sure  criterion  for  the  surviving  germs. 

Starting  with  the  clean  canteen  and  Boston  tap  water,  the 
amount  of  copper  dissolved  in  the  first  experiment  was  about  two 
parts  per  million.  In  succeeding  experiments  the  amount  fell 
off,  and  at  the  eighth  successive  test  it  had  reached  a  point  less 
than  a  half  of  one  part  per  million. 

The  efficiency  of  the  canteen  in  destroying  typhoid  was  con- 
siderable at  the  start,  although  nowise  complete.  I  used  large 
numbers  of  the  organisms,  about  100  000  per  cubic  centimeter, 
as  nearly  as  I  could  hit  it  by  dilution,  and  the  final  tests  were 
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generally  made  at  the  end  of  twenty -four  hours.  At  first  the 
numbers  were  in  the  neighborhood  of  6  to  10  per  cubic  centimeter. 
At  the  end  of  the  series  of  experiments,  or  so  far  as  we  have  gone 
with  them,  the  numbers  are  in  the  neighborhood  of  30  or  40, 
sometimes  more.  In  only  one  case  was  there  complete  elimina- 
tion of  the  typhoid  organisms,  and  if  I  am  not  mistaken,  the 
copper  at  that  time  amounted  to  about  one  part  per  million.  It 
was  after  the  fifth  successive  test. 

Aside  from  the  work  with  the  Boston  tap  water,  I  have  carried 
out  similar  experiments  upon  other  waters,  for  I  agree  with  the 
previous  speaker  that  the  ciuality  or  the  chemical  characteristic 
of  the  water  is  the  essential  factor.  I  have  used  both  hard 
waters  and  turbid  waters,  and  find  that  in  both  cases  the  eflTiciency 
is  ver}'  much  lessened.  Calcium  salts  seemed  to  be  especially 
harmful,  and  calcium  carbonate  the  worst  of  all;  the  efficiency 
of  the  canteen  upon  a  water  high  in  calcium  carbonate  was  almost 
nothing.  Turbid  waters  also  interfered  seriousl}'  with  the  effect 
of  the  copper  canteen  upon  the  typhoid  organisms.  Mr.  Sullivan 
of  the  Geological  Survey,  in  attempting  to  explain  the  formation 
of  copper  deposits,  has  suggested  a  ver}-  interesting  theoretical 
consideration  in  this  connection.  That  is,  that  there  is  a  law  of 
chemistrv^,  the  so-called  rnass  law,  which  demands  that  kaolin  or 
common  clay  shall  precipitate  out  the  copper  as  silicate,  a  corre- 
sponding amount  of  alkaline  salt  being  formed  and  dissolved. 

I  have  also  carried  out  a  series  of  experiments  on  Boston  tap 
Avater,  using  canteens  which  had  been  in  use  with  these  hard 
western  waters,  and  found  that  the  efficiency  of  the  canteens  was 
permanently  lost  and  could  not  be  reco^-ered  without  carefully 
cleaning  the  canteen  again.  That  is  as  far  as  I  have  gone.  I 
have  used  three  strains  of  typhoid  organisms  in  attempting  to 
find  some  relation  between  the  age  of  the  organism  and  the 
efficiency  of  the  canteen  upon  it,  but  so  far  the  differences  are 
too  slight  to  notice.  The  three  strains  had  been  on  artificial 
media  about  two  years,  one  year,  and  one  month,  respectively, 
and,  as  I  say,  the  differences  in  the  effect  upon  the  three  strains 
vvere  not  noticeal)le. 
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Mr.  Robert  S.  Weston.*  Mam-  bodies  of  water  which  are 
not  used  as  sources  of  water  supply,  but  which  are  used  for 
pleasure,  ornament,  or  for  furnishing  ice,  often  suffer  from  dis- 
agreeable growths  of  odoriferous  algse.  This  has  been  especially 
noted  in  New  England,  because  of  the  prolonged  drought  dur- 
ing the  present  summer.  Man}-  of  the  lakes  and  ponds  which 
ordinarily  are  inoffensive  have  produced  such  enormous  growths 
of  Anahcena  and  other  organisms  as  to  be  exceedingh^  offensive 
to  the  inhabitants  of  their  shores. 

Such  was  the  case  at  Newton  Centre,  Mass.,  where  the  waters 
of  Crystal  Lake  were  so  offensive  during  August  as  in  many  cases 
to  cause  the  dwellers  on  the  shores  of  the  lake  to  move  away.  An 
examination  of  the  water  on  August  11  showed  it  to  be  ver}^ 
turbid  with  a  growth  of  Anahcena.  These  organisms  produced 
the  usual  objectionable  "  pigpen  "  odor. 

In  a  report  to  Mr.  H.  A.  Stone,  secretary  of  the  Newton  Board 
of  Health,  the  writer  advised  the  treatment  of  the  reservoir  with 
copper  sulphate  in  the  proportion  of  one  part  of  the  chemical  to 
four  million  of  the  water.  This  procedure  was  carried  out  under 
the  direction  of  Mr.  Stone,  with  the  cooperation  of  the  city  engi- 
neer, Mr.  I.  T.  Farnham. 

The  lake,  which  has  an  area  of  31  acres  and  a  capacity  of  about 
142  650  000  gallons,  was  divided  into  seventy  sections,  and  each  sec- 
tion was  treated  separately  with  its  proportionate  weight  of  chem- 
ical.   Allowance  was  made  for  the  variation  in  depth  of  the  pond. 

The  chemical,  contained  in  sacks,  was  applied  in  the  customar\- 
way  by  trailing  it  astern  of  a  boat.  Two  sacks  were  used  alter- 
nately, the  one  in  use  being  kept  more  than  two  thirds  full  at  all 
times. 

The  chemical  was  applied  on  Friday,  August  18.  An  improve- 
ment in  the  appearance  of  the  water  was  noticeable  in  three 
hours.  After  two  days  the  water  contained  about  25  per  cent, 
as  many  Anabcena  as  before  treatment.  On  the  21st  the  improve- 
ment was  very  marked,  and  on  the  following  Wednesda}^,  the 
23d,  the  water  was  of  excellent  appearance  and  free  from  odor, 
in  which  condition  it  has  remained  until  the  present  date,  Sep- 
tember 9.     The  pond  contains  an  abundance  of  bass  and  perch, 

♦Sanitary  Expert,  Boston,  Mass. 
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none  of  which  were  killed  by  the  treatment.  The  only  fish  killed 
were  about  a  peck  of  small  fingerlings  or  minnows.  The  cost  of 
the  treatment  was  less  than  fifty  dollars. 

While  it  is  true,  as  Mr.  Goodnough  states,  that  there  was  a 
growth  of  Scenedesmus  after  the  application  of  the  copper  sul- 
phate, this  organism  was  unobjectionable,  while  the  odoriferous 
Anahcena  were  destroyed. 

It  would  seem,  therefore,  that  from  the  above  experience  copper 
sulphate  has  a  field  of  usefulness  in  similar  cases  where  a  nuisance 
is  to  be  avoided.  This  treatment  should  be  conducted  with  ex- 
treme care,  as  inefficient  distribution  of  the  chemical  will  certainly 
cause  the  death  of  many  fish.  The  writer  does  not  believe  that 
the  use  of  strong  concentrations  of  copper  sulphate  is  feasible  in 
such  cases,  as  it  is  extremely  unwise  to  destroy  all  the  objection- 
able organisms  in  a  pond  if  at  the  same  time  large  numbers  of 
fish  must  be  killed,  as  has  been  the  experience  in  other  cases. 

The  writer  hopes  for  an  opportunity  to  apply  copper  solution 
in  the  form  of  a  spray,  using  for  this  purpose  such  an  atomizer  as 
is  used  for  spraying  trees  and  crops.  The  better  the  distribution, 
the  greater  the  concentration  which  can  be  applied  without 
destroying  the  fish. 

In  conclusion,  the  writer  may  say  that  he  believes  copper  sul- 
phate to  be  an  efficient  tool  in  proper  hands,  but  not  one  which 
can  be  put  to  all  sorts  of  uses. 

Dr.  George  A.  Soper.*  The  copper  sulphate  method  has 
been  advanced  as  a  means  of  putting  an  immediate  check  to 
typhoid  epidemics  due  to  infected  water  supplies,  and  it  is  this 
point  to  which  I  will  restrict  my  discussion.  The  official  statement 
of  Messrs.  Moore  and  Kellerman,  to  which  I  refer, f  is  con- 
tained in  one  of  the  last  bulletins  of  the  Department  of  Agricul- 
ture, and  is  as  follows: 

"  Treatment  with  copper  sulphate  is  an  effective  and  practi- 
cable means  of  sterilizing  water  polluted  with  certain  pathogenic 
bacteria,  and  as  an  emergency  method  is  applicable  to  both 
household  and  municipal  conditions.     It  should"  prove  partieu- 

*  Consulting  Sanitary  Engineer,  New  York  City. 

t  Bulletin  No.  76,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1905,  pp.  38-39. 
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larh'  useful  in  very  large  water  supplies  accidentalh'  or  suddenly 
contaminated  with  typhoid  bacilli  and  not  provided  with  any 
adequate  means  of  purification.  Under  such  circumstances  the 
case  becomes  not  one  of  pure  water  versus  water  containing 
copper  sulphate,  but  of  sterile  water  containing  an  amount  of 
copper  not  dangerous  to  health  versus  water  and  typhoid  bacilli. 
The  method  formerly  suggested  for  treating  a  reservoir  would 
undoubtedly  be  a<:lvisable  in  special  cases  of  unusualh'  great 
contamination  when  the  water  contained  an  abnormal  amount 
of  organic  matter,  but  in  general  an  epidemic  could  he  controlled 
and  quickly  eradicated  by  a  solution  much  weaker  than  the  1  to 
100  000  listed  as  necessary  for  complete  sterilization  within  twelve 
hours.  One  to  2  000  000  is  sufficient  in  most  cases,  and  even  less 
than  this  quantity  of  copper  is  of  decided  benefit  in  certain  kinds 
of  water."    (Italics  mine.) 

The  experiments  which  have  been  made  with  copper  sulphate 
in  the  destruction  of  typhoid  fever  germs  have  been  made  in  the 
laboratorv  under  conditions  which  should  show  the  very  best 
results  for  the  copper  sulphate  treatment,  yet  there  appears  to  be 
a  good  deal  of  uncertainty  as  to  the  amount  necessary  in  order 
to  destroy  the  germs.  For  a  disinfectant  to  be  reliable,  we  must 
know  with  accuracy  how  much  to  apply  in  order  that  all  of  the 
dangerous  bacteria  may  be  destroyed.  As  has  been  well  pointed 
out,  it  will  not  do  to  dose  the  public  water  supply  with  chemicals 
in  the  mere  hope  of  doing  some  good.  By  disinfection  we  seek  to 
destroy  all  the  offensive  organisms,  and  when  Ave  attempt  to 
disinfect  a  water  supply,  the  public  depends  upon  us  to  accom- 
plish this  result.  Half-way  measures  in  disinfection  are  not 
possible;    the  result  must  be  absolute  or  it  is  misleading. 

From  experiments  which  have  been  mentioned  here,  and  which 
have  been  paralleled  by  some  which  I  had  an  opportunity  to 
make  at  the  College  of  Physicians  and  Surgeons  in  New  York, 
about  eighteen  months  ago,  it  appears  that  we  are  not  by  any 
means  certain  that  all  the  typhoid  fever  germs  in  a  water,  even 
in  a  laboratory,  will  be  destroyed  by  one  part  of  copper  sulphate 
in  75  000;  and  yet  that  dose,  if  applied  to  the  filtered  Croton 
water,  will  produce  such  an  opalescent  appearance  and  blue  color 
that  people  will  not  drink  it. 

The  technique  of  the  laboratory  experiments  which  have  been 
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reported  seems  to  me  to  afford  incomplete  evidence  that  typhoid 
fever  germs  will  be  destroyed  even  in  a  concentration  of  copper 
sulphate  as  high  as  1  part  in  25  000.  In  1902,  Schiider*  pub- 
lished a  critical  study  of  various  methods  which  had  been  pro- 
posed for  sterilizing  water  by  means  of  chemicals,  and  in  this  he 
reviewed  the  results  of  experiments  of  other  investigators.  Schii- 
der  found  that  the  common  plate  method  did  not  afford  certain 
evidence  of  disinfection;  that  there  were  ajot  to  be  germs  left 
over  from  the  process  or  surviving  in  a  feeble  condition  on  the 
plates  which  he  could  find  by  a  more  delicate  process.  His  im- 
proved procedure  was  in  substance  as  follows:  After  allowing 
the  disinfectant  to  act  for  the  time  which  was  thought  to  be  suffi- 
cient for  sterilization,  the  excess  of  disinfection  was  neutralized, 
and  enough  soda  added  to  the  water  to  produce  an  ordinary  alka- 
line reaction.  The  entire  sample  of  water,  amounting  to  many 
hundred  cubic  centimeters,  was  then  divided  up  into  flasks  of 
100  to  200  cubic  centimeters  each,  and  to  each  of  these  was  added 
enough  concentrated  peptone  salt  solution  to  form  a  1  per  cent, 
peptone  salt  culture  medium.  The  flasks  were  then  incubated 
for  thirty -seven  hours  at  37°  C.  They  were  finally  examined  for 
typhoid  bacilli  by  means  of  the  Conradi  Dreglaski  method  and  the 
colonies  so  developed  were  fished  and  tested  by  the  agglutination 
test.  Schiider's  conclusion  was  that  results  obtained  in  any  less 
delicate  way  were  certain  to  be  unreliable  and  misleading. 

There  is  another  consideration  which  indicates  that  the  labora- 
tory experiments,  even  granting  that  they  have  been  accurate, 
which  I  think  they  have  not,  will  not  apply  with  any  certainty  to 
conditions  of  actual  practice.  Most,  if  not  all,  of  the  experiments 
have  been  made  with  typhoid  germs  which  have  been  cultivated 
in  bouillon.  The  organisms  so  cultivated  are  certain  to  be 
evenly  distributed  through  the  water  and  sterilized.  This  is  not 
a  condition  known  to  exist  in  nature.  It  is  not  likely  that  the 
typhoid  bacilli  which  produce  an  epidemic  in  a  water  supph'  are 
separated  e^'enl^•  throughout  the  water.  It  is  far  more  reason- 
able to  believe  that  they  are  usually  aggregated  in  clumps  or 
small  masses  of  feces  and  other  matter.  This  being  so,  the  copper 
sulphate  would  have  to  penetrate  those  masses  in  order  to  be 

*  Zeit.  f.  Hyg.,  1902,  xxxix,  p.  379. 


544  THE  COPPER  TREATMENT  OF  WATER. 

effective  in  destroying  the  germs.  There  have  been  no  experi- 
ments made  which  indicate  tliat  copper  sulphate  has  any  efficiency 
in  this  particular  direction. 

Two  opportunities  have  occurred  in  my  practice  to  use  a  chemi- 
cal disinfectant  to  sterilize  a  water  supply  in  order  to  check  an 
epidemic.  One  was  at  Ithaca,  N.  Y.;  this  was  an  epidemic,  it 
will  be  remembered,  of  about  thirteen  hundred  cases.  I  had 
been  called  on  to  act  as  expert  by  the  New  York  State  Depart- 
ment of  Health  to  do  what  was  possible  to  stop  the  progress  of 
the  disease.  It  was  proposed  by  L.  M.  Dennis,  professor  of  chem- 
istry at  Cornell  University,  that  a  chemical  be  applied  to  the  water 
in  the  hope  of  sterilizing  not  only  the  water  but  the  distribution 
pipes  of  the  waterworks  and  the  reservoir.  The  disinfectant  pro- 
posed was  permanganate  of  potash.  The  amount  required  was 
carefully  estimated  from  experiments  made  in  the  laboratory 
and  the  proposer  of  the  process  spent  much  pains  in  order  to 
secure  a  sufficient  supply  of  pure  chemical  for  use.  It  was  in- 
tended that  the  permanganate  should  be  added  in  a  solution  at 
the  pumps  or  reservoir  and  that  the  hydrants  and  faucets  through- 
out the  city  should  be  allo-wed  to  run  open  until  the  characteristic 
pink  color  of  the  permanganate  should  appear.  The  arguments 
on  both  sides  of  the  c^uestion  were  very  carefully  gone  over  by 
Professor  Dennis  and  myself,  and  after  considering  the  matter 
fully,  I  concluded  that  it  was  not  desirable  to  attempt  disinfecting 
the  water  supply  in  this  way,  but  before  taking  the  responsibility 
of  deciding  against  an  attempt,  which,  if  successful,  would  have 
been  so  beneficent,  I  asked  my  friends,  Messrs.  George  W.  Fuller 
and  Allen  Hazen ,  who  happened  to  be  at  Ithaca  at  that  time,  to  con- 
fer on  the  subject.  We  met  with  Professor  Dennis,  the  subject  was 
fully  discussed ,  and  the  disinfection  of  the  water  supply  was  thought 
by  them  to  be  an  unwise  and  unpromising  project  to  attempt. 

Again  at  Watertown,  N.  Y.,  in  1905,  where  I  acted  as  consult- 
ing sanitary  expert  to  the  city  board  of  health  in  its  efforts  to 
suppress  a  typhoid  epidemic  of  about  six  hundred  cases,  the  use 
of  a  disinfectant  to  sterilize  the  water  supply  was  carefully  con- 
sidered. The  preliminary  notices  of  the  supposed  value  of  copper 
sulphate  were  being  published  in  the  press  while  the  epidemic 
was  in  progress,  and  I  was  urged  by  many  persons  to  give  it  a 
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trial.  I  deckled  against  the  use  of  copper  sulpliate  in  this 
instance  as  being  uncertain,  untried,  experimental,  and  unwar- 
ranted in  view  of  the  possibilities  for  mischief  and  misconception 
which  it  seemed  to  contain. 

It  is  not  necessary  for  me  to  go  into  the  technical  details  which 
led  me  to  reject  the  use  of  copper  sulphate  on  two  such  important 
occasions.  It  can  readily  be  appreciated,  I  think,  by  the  mem- 
bers of  this  association  that  in  order  to  reach  every  part  of  the 
material  to  be  disinfected,  it  would  be  necessary  to  apply  the 
disinfectant  in  very  large  cjuantities  at  first  and  that  there  would 
be  extreme  difficulty  in  making  certain  that  it  would  penetrate 
to  the  various  parts  of  the  distribution  system  wherein  bacteria 
might  lurk.  Too  little  is  known  about  the  behavior  of  the  typhoid 
bacillus  in  the  piping  system  of  the  water  supply.  We  do  not 
know  the  part  played  by  bacteria  in  dead  ends,  among  sediments 
and  accumulations  of  organic  matter  such  as  exist  in  all  water 
works,  and  there  is  need  of  more  scientific  information  concerning 
the  longevity  of  the  germ  in  reservoirs. 

It  seems  not  improbable  that  the  infectious  matter  which  pro- 
duces the  great  spring  epidemics,  which  are  the  severest  we  have, 
is  usually  taken  into  the  water  works  system  at  one  time,  perhaps 
within  an  hour  or  even  a  few  minutes,  and  that  it  gains  a  lodg- 
ment there,  developing  and  multiplying  and  giving  off  bacilli  to  the 
water  which  runs  through  the  pipes  for  many  weeks,  if  not  months. 
In  such  epidemics  as  those  of  Butler,  Ithaca,  and  WatertoA\n,  it 
usually  is  from  ten  days  to  three  weeks  from  the  freshet  in  the 
creek  or  river,  when  the  germs  are  taken  into  the  distribution 
system,  before  many  cases  of  typhoid  fever  among  the  consumers 
of  the  water  are  discovered.  It  is  usually  between  three  and  six 
weeks  afterward  that  the  maximum  number  of  cases  per  cla}' 
occur.  It  is  usually  betweeen  two  and  three  and  one-half  months 
before  the  disease  ceases  to  be  epidemic.  There  is  no  doubt 
.that,  even  after  these  epidemics,  cases  of  genuine  typhoid  have 
been  contracted  from  the  water  supply.  Theoretically,  the  sup- 
plies should  have  been  emptied  of  their  original  water  and  refilled 
with  fresh  water  by  the  natural  ])rocess  of  supply  and  consump- 
tion within  two  or  three  days.  It  would  seem  inconceivable  that 
this  and  tlie  process  of  flushing  the  mains  which  was  used  in  these 
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cases  shoiikl  not  have  removed  all  of  the  organisms.     Yet  against 
this  reason  the  germs  seem  to  have  persisted. 

To  check  an  epidemic  coming  from  a  water  supply  by  the  use  of 
chemical  disinfectants  applied  to  the  water  as  it  enters  the  pipes 
woukl  reciTure  an  exceedingly  efficient  process,  far  more  so,  I  think, 
than  has  l)een  demonstrated  so  far  for  the  copper  sulphate  treat- 
ment. ^^'e  know  nothing  whatsoever  as  to  the  certainty  of  the  be- 
havior of  copper  sulphate  under  the  conditions  of  actual  practice. 

Mr.  Allen  Hazkx.*  The  general  discussion  has  been  so  ex- 
cellent and  has  'brought  out  so  many  points  that  I  do  not  feel 
that  1  can  add  to  it.     I  wish  to  mention  only  an  historical  point. 

I  think  that  the  idea  of  using  copper  sulphate  for  destroying 
algir  in  public  water  supplies  is  entirely  due  to  Dr.  Moore,  and 
that  lie  should  receive  all  credit  for  it.  But  copper  sulphate  was 
suggested  very  seriously  a  long  time  ago  in  Germany  for  treating 
polluted  water  supplies.  It  was  directly  after  the  epidemic  of 
cholera  in  Hamburg,  in  1892,  when  exhaustive  studies  with  differ- 
ent metallic  salts-  were  made  by  a  German  chemist,  Krohnke. 
This  led  him  to  recommend  the  use  of  copper  sulphate  in  handling 
typhoid  and  cholera-infected  water;  but  the  German  engineers, 
some  of  whom  I  knew  at  the  time,  were  not  willing  to  take  the 
responsibility  of  giving  their  people  copper  in  the  quantity  neces- 
sary to  be  effective  in  this  wa}',  and  they  thus  anticipated  that 
part  of  our  present  discussion. 

Mr.  George  A.  Johnson.  I  have  only  two  points  to  which 
to  refer,  Mr.  President.  One  of  them  has  to  do  with  Dr.  Soper's 
remarks  regarding  the  value  of  the  experimental  work  which  has 
been  done  in  connection  with  these  copper  sulphate  studies.  It 
appears  to  me  that  their  general  value  is  very  great,  because  in 
the  laboratory  conditions  are  kept  under  careful  control,  and 
such  results  as  are  obtained  represent  the  extreme  influence^ 
which  this  chemical  can  have  on  the  specific  organisms  studied. 
Of  course,  as  Dr.  So  per  has  said,  the  results  obtained  bv  experi- 
mental work  in  the  laboratory  only  have  an  indirect  applicabilit}- 
to  many  practical  propositions  on  a  large  scale. 

*  Consulting  Engineer,  New  York  City. 
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The  other  point  to  which  I  shoukl  like  to  refer  has  to  do  with 
the  use  of  copper  sulphate  in  connection  with  unfiltcred  water 
supplies.  Experiments  of  such  a  nature  were  conducted  b}'  the  ■ 
Health  Officer,  Dr.  McKendree  Smith,  at  Columbus  last  year, 
and  the  results  are  set  forth  in  a  prominent  manner  in  the  last 
publications  of  Messrs.  Moore  and  Kellerman.  The  conditions 
surrounding  Dr.  Smith's  experiments  were  as  follows: 

The  Scioto  River,  which  serves  as  the  source  of  a  portion  of 
the  water  supply  of  Columbus,  is  sometimes  badly  polluted. 
At  the  time  of  Dr.  Snuth's  experiments  it  -was  at  very  low  stage, 
being  not  much  more  than  a  succession  of  pools  above  the  city. 
Copper  sulpliate  was  added  intermittently  to  the  Scioto  water 
at  or  near  the  intake  in  quantities  never  in  excess  of  one  part  in 
1  500  000.  The  city  of  Columbus  is  on  a  direct  pumping  system, 
and,  therefore,  no  very  considerable  period  of  time  was  possible 
for  contact  of  the  chemical  with  the  water  after  its  application. 
The  longest  period  of  contact  which  could  have  been  obtained 
under  any  circumstances  could  not  have  amounted  to  more  than 
about  six  hours. 

There  was  one  feature  in  connection  with  these  experiments 
of  Dr.  Smith  which  as  yet,  I  think,  has  never  been  brought  out, 
and  that  has  reference  to  the  fact  that  the  application  of  the 
copper  sulphate  to  the  river  water  was  l^egun  at  the  commence- 
ment of  a  prolonged  drought  of  about  four  and  one-half  months, 
throughout  which  its  use  was  intermittently  continued,  and 
then  stopi^ed  by  order  of  the  city  authorities  some  ten  days  after 
a  succession  of  hea^y  rains.  Almost  immediately  following  the 
discontinuance  of  the  chemical  treatment  the  cases  of  typhoid 
fever  l3egan  to  increase.  It  has  been  claimed  that  the  sudden 
outbreak  of  typhoid  fever  at  this  time  was  due  to  the  fact  that 
the  copper  sulphate  treatment  had  been  discontinued.  From 
the  following  tabulated  statement  it  appears  to  me  that  inasmuch 
as  the  treatment  was  intermittent  at  best  and  never  extended 
to  the  entire  city  water  supply,  and  as  the  chemical  was  never 
added  in  quantities  in  excess  of  one  part  in  1  500  000,  and  as  a 
period  of  contact  of  only  a  few  hours  was  possible,  the  increase 
in  typhoid  fever  cases  following  the  breaking  of  the  drought  was 
due  to  the  flushing  into  the  river  and  into  the  city  mains  of  pol- 
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luting  matter  whicli  had  been  accumulating  for  months,  rather 
than  to  the  discontinuance  of  the  copper  sulphate  treatment. 
In  other  words,  there  is  no  sound  evidence  to  show  that  there 
was  much  infection  during  the  autumn  for  the  copper  sulphate 
to  have  destroyed,  or  that  the  treatment  would  have  been  as 
effective  as  claimed  if  it  had  been  longer  continued  after  the 
appearance  of  the  Isolated  fall  rains. 

Relation  ketween  the  Number  of  Typhoid  Fe\ter  Cases  in  Columbus 
AND  THE  Amount  of  Rainfall. 

Number  of  Total  Precipitation  for 

Month.  Cases.  the  Month.     (Inches.) 

June,  1904 24   2.78 

July 2.3   2.27 

August 52*    3.18 

September 16   0.83 

October 16   0.97 

November S   0.18 

December   4   3.63t 

January,  190.5 OIJ    1.25 

February 376   1 .57 

March  (to  27th)   279   1.87 

Mr.  p.  a.  Maignen.§  The  question  of  sterilization  of  water 
by  chemicals  is  not  new.  As  far  back  as  1900,  the  speaker  and 
Mr.  Burlureaux,  in  Paris,  found  and  published  the  fact  that 
"  hard  "  water,  treated  chemically  for  the  elimination  of  the  dis- 
solved lime  salts  or  "softened,"  was  at  the  same  time  sterilized. 

All  chemical  reactions  in  water  interfere  with  the  growth  of 
bacteria.  Almost  any  kind  of  chemical,  added  to  the  water  in 
sufficient  cjuantity,  is  capable  of  sterilizing. 

We  owe  to  Dr.  Moore  considerable  credit  for  ha\ing  brought 
to  the  front  the  question  of  the  chemical  sterilization  of  water 
and  caused  it  to  be  taken  into  consideration,  at  a  time  when  the 
chemical  treatment  of  water  in  general,  and  with  alum  in  par- 
ticular, was  under  the  ban  of  condemnation  by  tlie  medical  pro- 
fession and  the  people  generally. 

*  Copper  sulphate  used  after  August  19. 

t  Copper  sulphate  discontinued  January  5. 

J  Between  the  dates  December  24-27,  1904,  the  total  rainfall  amounted  to  2.9.3  inches. 

§  Filtration  Engineer,  Philadelphia,  Pa. 
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We  also  owe  to  Dr.  Kellerman  a  practical  suggestion  for  the 
avoidance  of  the  dangers  presented  by  the  chemical  treatment 
of  water.  His  suggestion  amounts  in  effect  to  this.  —  that  you 
may  use  any  and  all  the  chemicals  you  please,,  such  as  potassium 
permanganate  or  sulphate  of  copper  (the  latter  being  one  of  the 
strongest  antiseptics  known)  in  any  quantit}',  provided  you  take 
care  to  remove  all  traces  of  chemical  that  might  remain  in  the 
water  after  treatment.  This  removal  can  be  obtained  by  second- 
ary chemical  reactions  or  by  filtration  through  charcoal. 

The  speaker  cannot  help  thinking  that  it  is  absurd  to  attempt 
to  sterilize  a  Avhole  lake  or  all  the  water  supplv  of  a  large  city. 
What  is  the  use  of  sterilizing  by  copper,  or  otherwise,  the  water 
needed  for  elevators,  gardens,  laundries,  boilers,  street  sprinkling, 
carriage  washing,  or  putting  out  fires? 

Absolute  sterilization  must  necessarily  l)e  an  expensive  opera- 
tion and  should  be  confined  to  the  water  used  for  domestic 
purposes.  In  Paris  there  are  two  sets  of  water  pipes,  one  set  con- 
veying spring  and  filtered  water  for  domestic  use,  which  is  sold 
at  twenty-four  cents  per  thousand  gallons,  and  another  dis- 
tributing plain  river  water  intended  for  sprinkling  and  indus- 
trial purposes.  The  latter  is  sold  at  twelve  cents  per  thousand 
gallons. 

The  speaker  ventures  to  suggest  the  establishment,  wherever 
practicable,  of  a  double  canalization;  one  to  convey  sterilized 
water  for  drinking  purposes  and  another  to  supply  plain  water 
or  water  freed  from  mud  by  some  economical  system  of  filtration 
for  industrial  and  municipal  requirements.  The  speaker  further 
desires  to  be  understood  as  being  favorable  to  the  cause  of  chemi- 
cal sterilization,  provided  it  be  carried  out  scientifically,  economi- 
cally, and  with  sufficient  safeguards. 

Mr.  George  C.  Whipple.*  After  what  has  been  said  I  feel 
that  I  have  little  to  add  to  the  discussion.  My  own  experience 
in  the  practical  use  of  copper  has  been  limited.  Perhaps  I  might 
mention  one  instance  in  my  experience  which  is  slightly  different 
from  what  has  been  mentioned.  The  well  of  a  certain  farmer 
in  Xew  Hampshire  had.  for  a  number  of  years,  been  so  bad  that 

*  Consulting  Engineer,  New  York  City. 
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it  could  not  be  used,  either  for  drinking  or  for  watering  the  stock. 
The  water  was  turbid,  dark  colored,  and  very  offensive  in  odor. 
It  had  been  so  for  a  number  of  years,  although  several  attempts 
had  been  made  to  clean  out  the  well.  Microscopical  examina- 
tion showed  that  the  water  contained  a  heavy  growth  of  Creno- 
thrix  manganijera.  I  ga^'e  instructions  to  the  farmer  to  dose  this 
well  with  copper,  let  the  water  stand  for  several  days,  and  then 
clean  out  the  well  thoroughly,  washing  off  all  the  stones  and  re- 
moving all  the  sediment  at  the  bottom.  He  followed  my  instruc- 
tions and  the  treatment  was  entirely  successful.  After  the  well 
had  been  thoroughly  pumped  out  the  water  became  clear  and 
sj^arkling  and  the  supply  is  now  perfectly  satisfactory.  I  cannot 
state  just  how  much  copper  was  used,  as  I  do  not  know  just  how 
mucli  water  there  was  in  the  well  at  the  time  when  he  made  the 
application.  The  amount  which  I  intended  to  use  ^Aas  one  part 
in  two  million,  and  I  think  that  this  figure  may  be  taken  as 
approximately  correct. 

This  case  is  interesting,  as  it  shows  the  action  of  copper  upon 
one  of  a  group  of  microscopic  organisms  hitherto  not  experi- 
mented with  to  any  extent. 

Mr.  Hazen  has  referred  to  tlie  work  which  was  done  by  Krohnke 
a  few  years  ago.  Mr.  Andrew  Mayer,  Jr.,  the  chemist  of  our 
laboratory,  has  recently  translated  this  paper,  and  as  it  contains 
many  facts  of  interest  I  think  that  it  will  be  well  to  incorporate 
his  translation  in  this  discussion  in  order  that  it  may  be  available 
for  convenient  reference. 

Mr.  ]\Iayer  has  also  made  in  our  laboratory  a  number  of  experi- 
ments upon  certain  details  of  the  reactions  which  take  place 
when  copper  is  added  to  water.  The  effect  of  carbonic  acid  upon 
the  solubility  of  the  basic  copper  carbonate  was  one  of  the  matters 
studied.  It  was  found  that  the  basic  carbonate  is  soluble  in 
carbonic  acid  free  water  to  the  extent  of  0.4  parts  per  million, 
expressed  as  copper  sulphate.  The  addition  of  carbonic  acid 
increases  the  solubility  of  the  basic  carboiuite  very  greatly,  as 
shown  by  the  following  table: 
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When  botli  aluniiniiiii  snlj^hatc  and  c()ii])er  sulphate  were  added 
to  water,  with  enough  sodium  carbonate  to  take  up  all  of  the  free 
carbonic  acid  formed  by  the  reaction,  it  was  found  that  copper 
sulphate  was  removed  to  the  limit  of  solubility  of  the  basic  car- 
bonate in  water  free  of  car])onic  acid,  namely,  about  0.4  parts 
per  million. 

It  was  found  further  that  different  methods  of  preparing  the 
basic  copper  carbonate  gave  different  solubility  results.  In 
some  cases  the  solubility  in  carbonic  acid  free  water  was  as  low 
as  0.2  parts  per  million. 


Suggf:stions  for  the  Improvement  and  Sterilization  of 
Surface  Water  by  Chemical  ^Iethods,  w'ith  Special 
Reference  to  the  Elbe  Water  at  Hamburg.* 

BY    B.    KROIIMvE.f 

[abstract.] 

There  yet  remains,  for  the  purpose  of  purification,  chemical 
disinfection;  and  this  method  has  the  great  advantage  over  filtra- 
tion that  it  afTects  in  the  same  way  all  portions  of  the  water  treated. 
The  disinfecting  medium  must  be  sufficiently  powerful  To  kill, 
with    complete   certainty,   at   least   the   pathogenic   germs,   in   a 

*In  Journal  fiir  Gasbeleuchtung  und  Wasserversorgung,  v.  36  (1893),  p.  513. 
t  Translated  by  Andrew  Mayer,  Jr.,  chemist  with  Hazen  &  Whipple,  New  York. 
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reasonably  short  time,  and  also,  if  possible,  all  the  other  germs 
occurring  in  water,  although  this  last  condition  is  of  less  im- 
portance. There  are,  indeed,  a  large  number  of  chemical  reagents 
which  fulfill  this  condition;  a  great  number  of  them,  however. 
are  organic  in  nature,  and  although  sufficiently  powerful  to  com- 
pletely kill  all  germs,  even  the  best  of  them  are  open  to  the 
objection  that  they  cannot  be  removed  from  the  water  again, 
economically  or  easily,  and  are  thus  out  of  the  question  for  use 
Avith  drinking  water.  It  seems  as  though  we  were  confined,  for 
this  purpose,  to  the  inorganic  poisons,  and  I  have  made  a  careful 
study  of  these,  with  reference  to  their  use  as  disinfectants  and 
with  special  reference  to  their  easy  and  certain  removal  from 
water  after  their  action  has  been  completed.  In  looking  over 
the  inorganic  compounds  which  could  be  used  here,  it  seems  to 
me  that,  in  general,  those  elements  are  most  poisonous  for  the 
living  organism  which  have  a  great  affinity  for  sulphur,  and  whose 
sulphides  offer  most  resistance  to  decomposition  by  other  com- 
pounds. There  is  really  no  absolute  scale  for  the  degree  of  toxic- 
ity of  a  substance.  Poisons  act  in  entirely  different  ways  upon 
different  organisms.  There  are,  of  course,  a  large  number  of 
elements  and  compounds  which,  by  reason  of  their  caustic  qualities 
alone,  act  in  a  very  poisonous  manner  and  can  destroy  organic 
life,  but  for  use  here  they  are  out  of  the  question. 

I  confine  myself  entirely  to  those  which  are  inimical  to  the 
inmost  physiological  life  processes  and  can  be  considered  septic 
or  narcotic  poisons.  First  in  the  scale  of  toxicity  and  of  affinity 
for  sulphur  stand  the  alkali  metals,  which,  in  a  strict  sense,  can 
hardly  be  considered  poisonous.  Their  sulphides  are  easily 
soluble  in  water  and  are  decomposed  by  very  weak  acids,  even 
by  carbonic  acid.  Then  come  the  alkali  earth  metals,  some  of 
which  are  to  a  certain  extent  poisonous  and  whose  sulphides  are 
more  insoluble  than  those  mentioned  above.  Then  come  those 
metals  whose  sulphides  are  entirely  insoluble  in  water  and  require 
fairly  strong  acids  to  effect  decomposition.  Noteworthy  among 
these  are  iron,  manganese,  zinc,  cobalt,  nickel,  etc.  Finally  comes 
that  group  of  compounds  whose  sulphides  are  insoluble,  not  only 
in  water,  but  also  in  diluted  strong  acids,  that  is  to  say,  those 
acids  which  do  not  exercise  any  oxidizing  action.     To  this  group 
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belong,  among  others,  bismuth,  tin,  antimony,  arsenic,  copper, 
silver,  lead,  mercury,  etc..  whose  compounds  are  all  p(Msonous, 
excepting  only  those  which  are  absolutely  insoluble  in  water,  or 
in  the  juices  of  the  living  organism.  Among  all  metals  without 
exception,  copper,  when  in  the  form  of  cuprous  salts,  for  instance, 
cuprous  chloride,  stands  first  in  afhnity  for  sulphur.  Copper  in 
the  form  of  cupric  salts,  on  the  contrary,  has  a  much  w^eaker 
affinity  for  sulphur  and  the  corresponding  sulphide  is  much  less 
stable.  Cupric  chloride  is  also  less  poisonous  than  cuprous  chlo- 
ride. What  relation  this  affinity  for  sulphiu-  bears  to  the  functions 
of  life  is  another  question.  The  albuminoids  and  the  proteins 
probably  play  the  leading  parts  in  the  living  j)rotoplasm,  l)ut 
concerning  the  chemical  constitution  of  these  bodies  there  is  less 
known  than  of  any  other  grou])  in  organic  chemistry.  Only  this 
much  is  certain,  they  all  contain  sulphur  as  an  essential  constitu- 
ent, but  whether  the  copper,  in  the  form  of  cuprous  salt,  produces 
decomposition  by  removing  sulphur  from  the  atomic  complex  of 
protein,  and  acts  as  a  poison  in  this  way,  either  directly  or  through 
the  b}--products  formed,  must  remain  for  the  present  a  very 
uncertain  hypothesis.  At  any  rate  the  apparent  systematic 
parallel  of  the  affinity  of  metals  for  sulphur  on  the  one  hand,  and 
the  degree  of  toxicity  on  the  other,  suggests  the  testing  of  cuprous 
chloride  as  a  sterilizing  medium,  and  the  results  apparently  justify 
the  above  hy])othesis.  Cuprous  chloride  has  also,  for  the  purpose 
in  question,  still  other  valuable  properties,  viz.,  it  can  be  very 
easily  prepared,  as  I  shall  show  later;  it  can  be  easily  and  certainly 
separated  out  again  after  use;  its  higher  degree  of  toxicity  dis- 
appears upon  simple  contact  with  the  air  by  reason  of  its  trans- 
formation into  cupric  chloride;  the  copper  can  be  obtained  again 
easily  without  loss;  and,  finally,  it  is  not  decomposed,  like  cupric 
chloride  and  the  other  cupric  salts.  In*  calcium  bicarbonate,  which 
is  ])resent  in  ever\'  surface  water.  For  this  ver}^  reason,  apart 
from  their  slighter  effectiveness  as  disinfecting  media,  the  cupric 
compounds  have  less  practical  value  for  this  work.  They  woidd 
ha\'e  to  be  used  in  larger  ciuantities,  in  order  to  act  as  desired, 
because  they  are,  as  has  been  stated,  decomposed  by  the  calcium 
bicarbonate  present  in  water  and  thus  precipitated  and  rendered 
ineffective. 
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Coppei'  sulphate,  it  is  true,  is  not  immediately  precipitated  in 
the  cold,  but  gradually,  and  in  proportion  as  the  carbon  dioxide 
formed  by  the  reaction  escapes,  for  instance,  through  warming 
or  through  lessening  of  the  air  pressure.  It  is,  however,  gradually 
decomposed  and  clianged  to  copper  carbonate,  which  remains 
partially  dissolved  in  tlie  free  carbonic  acid  for  some  time,  so  that 
CA-en  after  twenty -four  hours  traces  of  copper  can  be  foiuid  in  the 
filtered  water,  even  after  the  solution  has  become  coloi'less.  Cu- 
pric  chloride,  however,  is  more  quickly  decomposed  b}' 'calcium 
bicarbonate  than  is  the  sulphate,  and  when  the  latter  comes  into 
contact  with  sodium  chloride,  which  is  always  present  in  surface 
water,  .cupric  chloride  is  formed  by  double  decomposition.  Tn 
order  to  avoid  the  decomposition  of  cupric  chloride,  the  entire 
lime  content  of  a  water  must  previously  be  neutralized  ])y  sulphuric 
acid,  or  some  other  similar  reagent,  for  instance,  ferrous  sulphate, 
or,  better,  by  both  combined,  as  the  basic  ferric  sulphate  which 
precipitates  carries  down  part  of  the  sulphur  trioxide  of  the 
ferrous  sulphate.  In  fact,  by  the  addition  of  1.2  gm.  of  concen- 
trated sulphuric  acid  (1.83  specific  gravity),  0.6  gm.  copper  sul- 
phate and  0.6  gm*.  ferrous  sulphate  to  10  liters  of  water,  T  obtained, 
after  the  mixture  had  stood  eighteen  hours,  a  water  com.pletely 
free  from  germs,  whicli  developed  no  colonies  of  bacteria  on  nutri- 
ent gelatine  after  standing  six  days  at  room  temperature.  Upon 
subsequently  adding  0.7  gm.  of  quicklime  the  water  was  rendered 
completely  neutral  and  cok)rless  and  also  free  from  copper,  iron, 
and  arsenic.  The  precipitate  formed,  when  air  dried,  weighed 
2.95  gm.  or  almost  3  kilograms  per  cubic  meter  of  water.  Cuprous 
chloride,  however,  is  even  more  effective  than  cupric  chloride  or 
copper  sulphate,  is  not  decomposed  by  calcium  bicarbonate  as  are 
the  cupric  salts,  and,  although  soluble  witli  difficulty  in  water,  is 
still  sufficiently  so  for  action  upon  germs.  When  added  in  small 
quantities  to  surface  water  containing  lime  the  mixture  is  almost 
absolutely  clear,  and  the  filtrate  therefrom,  even  when  diluted  a 
million  times,  still  shows  a  reaction  for  copper  with  potassium 
ferro-cyanide  as  well  as  with  hydrogen  sulphide.  A  ver}'  slight 
turbidity  occurs  after  a  considerable  time,  as  a  result  of  oxidation 
by  the  air  contained  in  the  water. 

Cuprous  chk)rkle  dissolves  ver\'  readily,  to  the  extent  of  about 
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36%,  in  hot,  concentrated  sodium  cldoride  solution,  Init  ,se])arates 
out  again,  upon  cooling,  in  the  form  of  small  Avhite  crystals,  lea\'- 
ing  still  in  solution  from  4  to  7  per  cent,  according  to  tlie  tempera- 
ture. Upon  the  addition  of  pure  water,  free  from  air,  the  larger 
part  is  thrown  out  as  a  heav}'  white  crystalline  precipitate;  if, 
however,  the  water  contains  air,  or  organic  matter,  or  if  it  has 
absorbed  oxygen  from  the  air  and  is,  at  the  same  time,  neutral, 
containing  no  free  acid,  the  cuprous  chloride  is  at  first  retained 
in  varying  amount.  Then  there  forms,  gradually,  a  wliite  pre- 
cipitate which,  after  a  short  time,  however,  changes  color  and 
becomes  a  Pomeranian  yellow.  The  presence  of  a  little  free 
acid,  in  the  absence  of  organic  matter,  prevents  this  change  in 
color.  An  entirely  neutral  solution  of  cuprous  chloride  in  sodium 
chloride  absorbs  oxygen  when  exposed  to  the  air,  foi'ming  a  green 
surface  film  of  oxy-chloride  with  simultaneous  formation  of  cupric 
chloride;  if  free  acid  is  present  this  color  is  at  first  brown,  which, 
upon  continued  action  of  the  air,  becomes  a  pure  green.  On  ac- 
count of  this  action  of  air  upon  cuprous  chloride  one  must  avoid 
as  much  as  possible  an}-  strong  agitation  when  mixing  it  with 
water,  and  must  effect  solution  as  rapidly  as  possibly  by  simple 
rotation.  If  this  precaution  is  observed,  especially  with  dilute 
solutions,  only  a  very  small  portion  remains  directly  in  contact 
with  air.  and  there  is  obtained  a  neutral  cu]3rous  chloride  solution 
oxidized  only  by  the  air  already  contained  in  the  water.  This 
oxidation  proceeds  very  gradually  in  the  cold;  not  rapidly,  as  is 
the  case  with  ammoniacal  solution  of  cuprous  oxide.  That  por- 
tion of  the  cuprous  chloride  wliich  is  thus  oxidized  reacts  with 
any  calcium  bicarbonate  present,  and  is  gradually  thrown  down 
as  a  light  blue-green  precipitate  of  basic  copper  carbonate. 

For  the  experiments  on  killing  germs  and  the  disinfection  of 
Elbe  water,  I  used  a  solution  of  cuprous  chloride  in  sodium  chlo- 
ride, which ,  for  convenience  in  calculation,  contained  almost  exactly 
1  per  cent,  metallic  copper.  In  order  to  keep  this  solution  entirely 
clear  and  colorless,  it  is  necessary  to  render  it  slightly  acid  with  a 
few  drops  of  hydrochloric  or  sulphuric  acid  and  place  in  it  a  coil 
of  copper  wire,  or  some  strips  of  copper  foil.  The  fiask  contain- 
ing the  solution  should  be  immediately  stoppered  after  using. 
Every  time  the  flask  is  opened  a  little  copper  is  dissolved  as  a 
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result  of  oxidation  by  the  air  admitted.  For  very  precise  experi- 
ments it  is,  therefore,,  necessary  to  frequently  analyze  the  solution, 
to  control  the  amount  of  copper  used,  or  the  necessary  amount 
of  solution  must  be  drawn  off  and  its  volume  replaced  by  carbon 
dioxide,  or  some  other  indifferent  gas.  I  added  7.2  gm.  of  such 
a  solution,  which  contained  exactly  1.08  per  cent,  of  metallic 
cojipcr,  hence  .078  gm.  of  copper  to  12  liters  oi  Elbe  water.  This 
is  in  the  proportion  of  one  part  of  copper  to  155  000  parts  of 
water.  I  divided  the  mixture  among  12  flasks  which  contained 
one  liter  each,  and  let  them  stand  loosely  covered,  in  order  to 
prevent,  as  far,  as  possible,  t?ie  entrance  of  germs  from  the  air. 
The  solution  was  at  first  absolutely  clear.  Later  there  appeared 
a  ven-  slight  opalescence.  Portions,  when  taken  out  and  filtered 
until  clear,  slightly  acidified,  and  mixed  with  potassium  ferro- 
cyanide,  showed  a  rose-red  color  in  thick  layers,  proving  that 
copper  was  yet  in  solution,  and  this  reaction  persisted  even  after 
standing  six  days.  The  test  for  copper  with  ammonia,  on  the 
contrar}^,  ga\'e  no  result.  After  standing  fifteen  hours  several 
portions  were  withdrawn,  with  the  usual  precautions,  and  plated 
out  on  gelatine.  Several  portions  of  the  plain  Elbe  water,  from 
which  the  mixture  had  l^een  made,  were  also  plated  at  the  same 
time  for  comparison.  I  feared  that  the  very  slight  trace  of  copper 
still  in  solution  might  prevent  the  development  of  the  germs  pres- 
ent when  the  mixture  was  plated  out  on  nutrient  gelatine,  al- 
though in  all  probability  the  copper  would  be  rendered  insoluble 
by  the  alkaline  reaction  of  the  gelatine.  Accordingly  I  added, 
to  one  flask  of  the  mixture,  clear  lime  water  (containing  1-800 
of  its  weight  in  lime)  until  a  filtered  portion  gave  no  further  re- 
action for  copper.  Accoi'ding  to  calculation,  and  taking  into 
account  the  slight  acid  reaction  of  the  cuprous  chloride  solution, 
one  half  as  much  lime  as  the  copper  added,  that  is,  .04 gm.  of  lime 
or  32  gm.  of  lime  water,  should  be  sufficient  for  12  liters  of  the  mix- 
ture. The  test  portions,  when  filtered,  still  contained  copper, 
however,  even  after  the  addition  of  64  gm.  or  96  gm.  of  lime  water, 
but  were  completely  free  from  copper  after  the  addition  of  120  gm. 
of  lime  water,  ^^■hich  corresponds  to  one  part  of  lime  per  80  000 
parts  of  water.  The  excess  over  the  calculated  amount  is  caused 
by  the  calcium  bicarbonate  present.     After  the  precipitate  formed, 
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upon  the  addition  of  the  lime  water,  had  settled  out,  1  cc.  was 
taken  and  plated  out.  Even  after  five  days  those  plates  made 
from  the  mixture,  and  also  those  made  from  the  mixture  to  which 
lime  had  been  added ,  still  remained  sterile,  except  for  some  isolated 
colonies,  for  the  most  part  mould-o;rowths,  which  should  Ije  con- 
sidered as  due  to  unavoidable  errors  of  method.  On  the  contrary , 
the  control  tests  with  tlie  original  Elbe  water  showed,  after  two 
days,  12  500  germs  ])er  cubic  centimeter.  In  earlier  experiments 
I  obtained  as  much  as  100  000 germs;  the  present  (Jan.  18)  marked 
decrease  is  due  to  the  extreme  cold  and  the  freezing  of  the  upper 
Elbe.  Cultures  plated  from  the  mixture  after  it  had  stood  twenty- 
four  and  thirty-six  hours,  respectively,  were  also  sterile. 

The  filtered  water  obtained  after  treatment  with  lime  was 
entirely  colorless,  completely  free  from  copper  and  iron,  neutral, 
and  had,  as  all  agree,  a  very  good  flavor,  without  the  peculiar  flat 
taste  of  Elbe  water  which  has  been  boiled  and  then  filtered.  The 
precipitate  containing  copper,  obtained  from  the  entire  12  liters, 
w^eighed  when  air-dried  .14  gm.;  when  dissolved  and  titrated 
in  ammoniacal  solution  with  potassium  cyanide,  it  showed  exactly 
the  same  amount  of  copper  as  had  been  added.  Besides  this,  it 
contained  the  inorganic  settlings  and  a  considerable  amount  of 
organic  matter  which  had  been  coagidated  and  precipitated  with 
the  copper.  It  contained,  however,  no  carbonate  of  calcium. 
As  was  to  be  expected,  such  a  slight  precipitate  settles  very  slowly 
from  so  much  liquid,  so  that  the  water  did  not  become  sufficiently 
clear  until  it  had  stood  somewhat  longer  than  twenty-four  hours. 
The  precipitation  is,  however,  much  hastened  by  the  addition  of 
a  little  ferrous  sulphate,  in  proportion  of  1-50  000,  before  adding 
the  lime.  The  amount  of  lime  added  must  be  correspondingly 
increased  from  1-80  000  to  1-50  000.  The  better  the  precipitate 
coagulates  the  quicker  the  water  clears;  after  repeating  the  opera- 
tion several  times  and  saving  the  precipitate,  the  further  addition 
of  ferrous  sulphate  would  be  no  longer  necessar}', 

^  4:  ^  ^  ^ 

The  procedure  for  the  purification  of  water  with  or  without  the 
addition  of  sulphide  would  be  carried  out  in  the  following  way : 
The  water  to  be  purified  is  drawn  into  a  basin  and  stirred  so  rapidly 
that  it  Avill  completely  mix  with   the  cuprous  chloride  without 
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absorbing  too  much  oxygen  from  the  air.  The  stirring  might  be 
done  by  a  central  mixer  made  of  wood  and  copper.  It  should 
contain  no  iron.  Then  the  cuprous  chloride  solution  is  allowed 
to  flow  in  gradually  and  after  it  has  been  thoroughly  mixed  with 
the  water,  the  mixture  is  allowed  to  rest  6  to  24  hours,  as  desired. 
The  length  of  time  necessary  for  this  stage  of  the  process  depends 
upon  the  relative  amount  of  cuprous  chloride  used,  and  is  also 
governed  by  the  extent  of  purification  desired.  If  one  is  satisfied 
to  leave  a  few  harmless  water  bacteria,  after  killing  all  the  path- 
ogenic germs,  one  part  of  copper,  in  the  form  of  cuprous  chloride, 
per  1  000  000  parts  of  water,  with  a  digestion  of  twenty -four  hours, 
will  be  sufficient.  This  is  in  the  proportion  of  one  kilogram  of  cop- 
per per  1  000  cubic  meters  of  water.  It  should  also  be  remembered 
that  after  the  settling  of  the  precipitate  the  water  is  filtered  and 
the  small  number  of  germs  remaining  still  further  reduced.  If, 
however,  it  is  desired  to  completely  destroy  all  the  germs  in  a 
water,  five  times  as  much  copper  must  be  used,  or  one  kilogram  of 
copper  per  200  cubic  meters  of  water,  if  the  latter  is  of  medium 
(jualiiy. 

The  water  thus  disinfected  is  nin  into  a  second  basin  and  the 
separatioi)  of  the  copper  is  completed  here.  For  this  purpose 
there  should  be  added  the  necessaiy  amount  of  the  mixture  of 
iron  sulphide  and  lime.  The  liquid  should  be  then  thoroughly 
agitated  until  a  test  portion  shows  that  all  the  copper  has  been 
precipitated.  One  hour  will  be  required,  as  a  rule.  The  water 
should  then  be  allowed  to  stand  until  sutFiciently  clear. 

If  it  IS  desired,  however,  to  remove  the  copper  b}^  the  method 
first  described,  these  reagents  should  be  added  in  the  following 
order: 

1.  Srclium  sulphide  (or  calcium  sulphide,  or  barium  sulphide), 
either  dissolved  or  as  a  powder. 

2.  I'errous  sulphate,  dissolved  in  previously  disinfected  water. 

3.  (Quicklime,  either  as  lumps,  which  can  be  placed  in  a  cage 
of  iron  and  submerged  in  the  water,  or  as  milk  of  lime. 

The  mixture  should  then  be  strongly  stirred  from  two  to  three 
hours  and  allo\\ed  to  stand  until  the  precipitate  formed  has  settled 
and  the  clear  water  can  be  drawn  off.  The  first  settling  will  take 
place  somewhat  slowly  and  require  at  least  twenty -four  hours. 
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Later,  however,  when  more  precipitate  is  present,  considerably 
less  time  Avill  be  required.  The  water,  when  drawn  off  gradually 
and  at  a  suflicient  distance  from  the  l)ottom,  contains  none  of  the 
precipitate  and  is  then  ready  for  use.  It  is  clear,  neutral  and  free 
from  copper  and  arsenic,  even  though  the  sidphuric  acid  used  for 
dissohing  the  copper  contained  arsenic. 

Objection  will  be  made  to  the  use  of  copper  in  water  purification, 
since  its  compounds  are  more  or  less  poisonous  for  men  and  ani- 
mals. I  shall  accordingly  endeavor  to  settle  any  doubt  on  this 
subject.  Many  substances  in  large  closes  act  as  poisons,  but  do 
not  exert  such  effect  in  very  dilute  solutions.  We  daily  consume 
with  our  food  more  or  less  matter  which  in  large  amount  would 
act  as  poison.  For  instance,  copper  is  normally  found  in  the  hu- 
man body,  e^'en  to  an  extent  of  2  gm.  Copper  in  the  proportion 
of  one  part  to  one  million  of  water  as  used  for  disinfection  is 
ec^uivalent  to  1  gm.  per  cubic  meter.  This  is  only  one  half  of  the 
amount  which  the  human  bod}'  may  already  contain.  During 
the  process  of  disinfection,  however,  at  least  f'o  of  this  is  ren- 
dered insoluble  and  separated  out.  There  remains  dissolved, 
therefore,  per  cubic  meter  of  Avater,  only  y\j  gm.  of  copper.  This 
is  the  maximum  residual  amount,  and,  at  that,  does  not  exist  in 
the  more  poisonous  form  of  cuprous  chloride,  but  in  the  form  of 
cupric  chloride,  as  a  result  of  oxidation  by  the  air.  Even  if  there 
were  no  further  treatment  with  sodium  sulphide,  ferrous  sulphate 
and  lime,  one  would  have  to  drink  20  cu.  m.,  or  20  000  liters  of 
water  in  order  to  take  in  as  much  copper  as  is  already  present  in 
the  system.  At  the  rate  of  two  liters  per  day  this  would  require 
ten  thousand  days,  or  almost  thirty  years.  The  presence  of  even 
such  a  small  amount  of  copper  in  the  water,  after  treatment,  is 
assumed  only  for  the  sake  of  argument,  to  overcome  any  prejudice 
which  the  public  may  have  against  this  use  of  copper.  As  a  matter 
of  fact,  the  presence  of  copper  woidd  be  absolutely  impossible, 
even  if  the  above  precautions,  that  is,  treatment  with  sodhini 
sulphide,  etc.,  were  only  partially  observed.  The  danger  to  life 
and  health  from  a  far  more  dangerous  cause,  viz.,  the  bacteria 
of  water,  merits  much  more  earnest  attention. 

H?  *  sj;  :):  :iJ 
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!              Plated  w 

th  1  cc,  water,  after  period  of 

500  cc.  sterilized 

distilled     water 

Pemarks. 

added  to 

6  iiours. 

12  hours. 

24  hours. 

48  hours. 

I. 

After  the  addition 

10     cc.     cholera 

Many  cholera 

of    the    CU2CI2 

culture    in    1% 

colonies  vis- 

solution   the 

Pepton  solution 

ible  after  two 

water     assumed 

+  0.5    cc.     1% 

days    stand- 

a    blue       color. 

CU0CI2  solution 

ing 

Sterile 

Sterile 

Sterile 

because    it    was 

1-100  000 

rendered     alka- 
line   by    the 
Pepton    solu- 
tion.   The  color 
was    discharged 
by     1      drop 
H2SO.4 

II. 

3     cc.      aqueous 

Isolated  chol- 

emulsion of 

era    colonies 

cholera  culture 

appeared    in 

+  0.33  CO.   1% 

four    days. 

CuoCU   solution 

The     move- 

l-i50' 000 

ment  of  the 
bacilli,      a  s 
seen  in  hang- 
ing drop,  was 
very  feeble 

Sterile 

Sterile 

Sterile 

III. 

3     cc.     aqueous 

Many  colonies 

emulsion    of 

after    stand- 

cholera culture 

ing   three 

Sterile 

Sterile 

Sterile 

+  0.25cc.Cu2Clo 

days 

solution 

1-200  000 

IV. 

3     cc.      aqueous 

emulsion    of 

cholera   culture 

+  0.2  cc.  CU2CI2 

Sterile 

Sterile 

Sterile 

Sterile 

solution 

1-250  000 

Mr.  H.  W.  Clark.  I  just  want  to  mention  one  or  two  things 
in  regard  to  tlie  methods  used  for  the  determination  of  copper, 
which  were  suggested  iDy  what  Dr.  Kellerman  said  al^out  tlie 
^Massachusetts  results  being  different  from  others,  in  the  time 
taken  for  sedimentation  of  copper,  etc.  I  think  we  really  ought 
to  have  a  standard  method  for  the  determination  of  copper  in 
water.  I  have  not  seen  in  the  published  reports  of  the  amount 
of  copper  found  in  the  various  western  reservoirs  after  treatment 
any  statement  as  to  the  way  the  cojiper  present  was  determined. 
The  general  method  of  determining  copper  is  by  the  potassium 
ferro-cyanide  test,  which  is  only  delicate  enough  to  show  a  part 
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of  copper  in  about  two  million  parts  of  water,  —  that  is,  distilled 
water.  If  you  have  a  natural  water  which  is  colored  with  iron 
and  organic  matter,  the  color  given  by  the  test  is  vers-  much 
disguised,  even  when  copper  is  present  in  the  amount  just  stated. 
The  method  we  have  evolved  at  the  laboratories  of  the  State 
Board  of  Health  in  Boston,  and  which  has  been  adopted  by  the 
Committee  on  Standard  Methods  of  Water  Analysis  of  the  Ameri- 
can Public  Health  As.'^ociation,  is  quite  different  from  that.  It 
is  a  long  and  rather  tedious  method,  perhaps,  but  we  can  deter- 
mine copper  accurately  when  it  is  present  in  water  in  very  minute 
amounts.  It  is  simply  a  question  of  patience  and  having  water 
enough  and  evaporating  it  down,  getting  rid  of  the  iron  and  or- 
ganic matter  and  silicates  present,  and  then  depositing  the  copper 
by  electrolysis  on  platinum  dishes.  It  is  easy  to  work  and 
accurate.  I  think  if  that  method  was  more  generally  in  vogue 
we  should  know  more  about  the  sedimentation  of  copper  in  some 
of  these  western  reservoirs  which  have  been  treated.  In  saying 
that  I  do  not  mean  to  cast  any  reflection  on  the  ability  of  the 
various  chemists  who  have  tested  the  water  in  those  reservoirs, 
but  I  imagine  they  haven't  used  a  delicate  enough  method  for 
determining  copper. 

Prof.  PIerbert  E.  Smith.  I  have  already  used  my  quota 
of  time,  but  I  will  take  a  moment,  if  I  may,  to  refer  briefly  to  a 
couple  of  cases  which  have  come  within  my  observation.  These 
are  a  little  interesting,  because  they  were  cases  of  a  considerable 
growth  of  Uroglena  in  reservoirs  which  are  not  commonly  affected 
by  other  troul:)lesome  growths.  They  both  occurred  during  the 
early  part  of  the  present  year,  in  Connecticut,  and  the  treatment 
of  them  with  copper  sulphate  was  successful,  at  least  it  was 
followed  by  a  happy  result  as  far  as  the  removal  of  the  organism 
was  concerned,  and  in  that  it  was  not  followed  by  the  develop- 
ment of  any  other  organism. 

One  of  the  reservoirs  was  treated  with  copper  sulphate  to  the 
extent  of  one  j^art  in  nine  millions.  That  reservoir  was  not  in 
use  at  the  time.  The  other  reservoir  was  a  larger  one  and  was 
in  use  and  was  treated  with  copper  sulphate  to  the  extent  of  one 
part  in  about  sixteen  millions.     This  particular  reservoir  had 


jACKSOx.  563 

about  forty  colonies  of  Uroglena  per  cubic  centimeter  at  the  time 
of  the  treatment,  and  the  odor  of  the  water  was  exceedingly 
offensive  in  the  town  where  it  was  used.  The  odor  rapidly 
disappeared,  so  that  at  the  end  of  four  days  there  was  no  com- 
plaint of  the  water  in  the  town,  and  there  were  none  of  the  or- 
ganisms to  be  found  in  a  half  liter  of  the  reservoir  water. 

Mh.  1).  1).  Jacksox.  The  first  experiments  of  the  writer  on  the 
treatment  of  water  with  copper  sulphate  were  made  upon  Baise- 
ley's  Pond,  Jamaica,  L.  I.,  on  September  6,  1904.  As  all  of  the 
water  used  from  it  is  subsequently  filtered,  it  was  considered  that 
there  could  be  no  possibility  of  the  presence  of  cop]3er  sulphate 
after  filtration,  as  this  chemical  does  not  remain  in  solution  in  the 
water,  but  is  immediately  precipitated  by  the  carbonates  present. 
At  the  time  of  treatment  the  pond  contained  a  considerable  growth 
of  anabsena.  On  account  of  its  gelatinous  nature  this  organism 
was  giving  great  troulile  in  the  mechanical  filters  and  had  at 
times  caused  a  reduction  of  as  high  as  25  per  cent,  in  the  rate  of 
filtration.     Table  1  gives  the  results  obtained. 

Reduction  op  AhGJE  in  Baiseley's   Pond    Due   to   Copper 
Sulphate  Treatment. 

Total  Organisms.  Anabsena. 
Before  treatment  1  640  800 

Alter 


'able  ] 

-.   

Reduction  o 

Date, 

1904. 

Location. 

Sept. 

6. 

Top 

,j 

6, 

Bottom 

,, 

7, 

Top 

j^ 

7, 

Bottom 

s, 

Top 

,, 

8, 

Bottom 

'J 

9, 

Top 

jj 

9, 

Bottom 

)! 

10, 

Top 

,, 

10, 

Bottom 

>> 

30, 

Top 

435 

265 

155 

55 

235 

0 

105 

0 

150 

0 

125 

0 

125 

0 

175 

0 

105 

0 

140 

0 

100 

0 

„      30,  Bottom  ,,  ,, 

The  amount  of  copper  sulphate  used  was  approximately  1  part 
in  8  000  000  parts  of  water,  and  the  expense  of  treatment  for 
100  000  000  gallons  was  $7.50. 

On  the  third  day  after  treatment  the  wash  water  of  the  filter 
was  reduced  to  8  per  cent.,  causing  a  saving  in  the  yield  of  the 
plant  for  that  time  of  1  000  000  gallons  per  day. 
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LocatiDn. 

Units  of  Clathrocytis 

Top 

Before  treatment 

700  000 

Bottom 

>>                               1! 

10  000 

Top 

After 

620  000 

Bottom 

S3  000 

Top 

94  000 

Bottom 

35  000 

Top 

7  625 

Bottom 

2  550 

Top 

560 

Bottom 

640 

Copper  sulphate  experiments  were  next  made  on  an  extremely 
heaw  growth  of  clathrocytis,  an  organism  closely  related  to 
anabffina,  and  one  which  is  often  found  in  large  quantities  in  sur- 
face waters.  This  microscopic  gro\\'th  occurred  in  the  Prospect 
Park  Duck  Pond  near  Flatbush  Avenue,  Brooklyn,  in  such  enor- 
mous amounts  as  to  entirely  cover  the  surface  of  the  pond  with  a 
thick  green  slime.  Table  2  gives  the  results  obtained  by  the 
treatment  of  this  organism. 

Table  2.  —  Reduction  of  Alg.e  in  Prospect  Park  Duck  Pond  Due   to 
Copper  Sulphate  Treatment. 
Date. 
Sept.     9. 
9, 
10, 
10, 
11, 
11, 
12, 
12, 
13, 
13, 

The  amount  of  chemical  used  was  approximateh^  1  part  in 
4  000  000,  and  the  cost  of  treating  the  pond  was  $2.  During  the 
present  summer  this  treatment  has  been  extensively  used  in  the 
Brooldyn  Department  of  Parks  and  has  been  found  effectually  to 
remove  the  disagreeable  odor  and  unsightly  appearance  occurring 
so  often  in  the  park  ponds,  and  in  the  dilutions  used  there  has  not 
been  the  slightest  injury  to  shrubbery  or  fish. 

During  the  montli  of  September,  1904,  a  considerable  growth 
of  an  alga  known  as  aphanizomenon  occurred  in  one  of  the  sources 
of  water  supply  for  the  borough  of  Manliattan,  and  its  presence 
was  the  cause  of  a  considerable  taste  and  odor  in  tlie  water. 

On  September  30,  the  surface  of  this  reservoir  was  treated  with 
copper  sulphate  in  the  proportion  of  1  part  to  8  000  000  parts  of 
^^'ater.  This  amount  of  copper  sulphate,  providing  it  all  remained 
in  the  water,  would  necessitate  an  individual  to  drink  100  gallons 
of  water  a  day  to  get  the  slightest  physiological  effect  from  the 
copper,  and  there  is,  therefore,  no  question  about  the  safety  of 
such  a  treatment  as  this,  especialh'  as  only  one  or  two  treatments 
a  year  are  necessarv.     Table  3  gives  the  results  obtained. 


Date. 

Location. 

Sept.  30, 

Top 

„      30, 

Bottom 

Oct.      1, 

Top 

„        1, 

Bottom 

2, 

Top 

„         3, 

Top 

3, 

Bottom 

Total 

Aphani- 

Organisms. 

zomenon 

4GS0 

4  100 

4  115 

3  725 

1020 

755 

565 

285 

490 

240 

140 

0 

275 

0 
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Table  3.  —  Reduction  of  Alg.e  Due  to  Copper  Sulphate  Treat.ment, 
Borough  of  Manhattan  Water  Supply. 


Before  treatment 
After 


The  figures  of  the  above  table  show  that  this  form  .of  bhic-creen 
algte  was  completely  removed  on  the  third  day  after  treatment. 
From  that  time  on  the  water  has  been  clear  and  free  from 
unpleasant  odors. 

Later  in  the  year  the  microscopic  organism  uroglena  occurred 
in  large  numbers  in  one  of  the  Brooklyn  supply  ponds.  This  or- 
ganism produced  a  strong  fishy  taste  and  odor  in  the  water,  and 
considerable  numbers  were  being  transported  to  the  Ridgewood 
and  ]\It.  Prospect  distributing  reservoirs.  In  order  to  prevent 
any  further  influx  into  the  reservoirs  of  this  odor-producing 
organism,  the  pond  was  shut  off  and  a  treatment  with  copper  sul- 
phate was  made  on  November  23,  1904.  As  this  is  an  extremely 
delicate  organism  a  dilution  was  used  of  only  1  part  of  copper 
sulphate  to  20  000  000  parts  of  water.  Table  4  gives  the 
remarkal)le  results  obtained. 

Table  4.  —  Reduction  of  Uroglena  Due  to  Copper  Sulphate  Treat- 
ment, Brooklyn  Water  Supply  Pond. 

Date.  Uroglena  (Units  per  cs.) 

Nov.  23,  Before  treatment  1  100 

Nov.  25,  Two  days  after  treatment  450 

Nov.  27,  Four  days  after  treatment  0 

During  the  present  year  no  trouble  has  been  experienced  from 
microscopic  growths  in  this  pond. 

In  the  spring  of  the  present  year  one  of  the  Brooklyn  sources  of 
supply  was  treated  with  copper  in  order  to  remove  a  growth  of 
asterionella.  It  was  found  that  1  part  of  copper  sulphate  in 
3  000  000  parts  of  water  was  necessar\-.  Table  5  show.-  the  results 
obtained. 
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Table  5.  —  Reduction  op  Asterionella  Due  to  Coppek  Sulphate  Treai- 
MENT,  Brooklyn  Water  Supply. 

Date.  Asterionella. 

May    2,  Before  treatment  2  850 

„       3,  „               „  3  400 

„       4,  „               „  3  6.50 

„       5,  After            „  2  450 

„       6,  „                „  2  350 

„       7,  „                .,  2  200 

„       8,  „                „  1275 

„       9,  „                „  875 

.,     10,  „                „  640 

„     U.  „               „  550 

,,     12,  „                „  380 

„     13,  „                „  310 

„     14,  „                „  260 

„     15,  „                „  200 

„     22,  „                „  25 

It  will  be  seen  from  the  above  fi,2;ures  that  not  only  does  as- 
terionella require  more  copper  for  its  removal,  but  the  reduction 
in  the  organismis  appears  to  take  place  much  more  slowh\ 

Amount  of  Copper  Necessary  for  Treatment.  —  The  amount  of 
copper  required  to  remove  a  growth  of  micro-organisms  from 
water  depends  to  a  large  extent  upon  the  structure  of  the  par- 
ticular organisms  present.  A  definite  amount  of  copper  is 
required  each  time  the  treatment  of  any  particular  genus  is  made, 
excepting  when  the  growth  is  extremely  heavy,  when  it  may  be 
even  necessary  to  double  the  quantity.  In  general  the  amounts 
of  copper  so  far  found  to  be  required  are  as  follows: 

(Parts  of  Water  to  One  op  Copper  Sulphate.) 
Diatomace^. 

Asterionella    3  000  000     Synedra 1  000  000 

Melosira 3  000  000     Fragilaria 4  000  000 

Cyanophyce.^. 

Coelosphaeriuni 4  000  000     Anaba>na S  000  000 

Oscillaria 5  000  000     Aphanizomenon 8  000  000 

Microcystis 6  000  000     Clathrocystis 8  000  000 

Chlorophyce.^. 

Draparnaldia    3  000  000     Closteriimi 3  000  000 

Sccncdcsnius 3  000  ()()()     Volvox 4  000  000 

Conferva   3  000  000     Spirogyra 5  000  000 

Raphidiuin   3  000  000     Hydrodictyon 10  000  000 
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Protozoa. 

Chlamydonionas    2  000  000     Mallomonas 2  000  000 

Cryptomonas    2  000  000     Dinobryon 3  000  000 

Euglena 2  OOO  000     Synura 10  000  000 

Glenodiniuni 2  000  000     T^roglcna   20  000  000 

Peridinium 2  000  000 

It  will  be  seen  from  the  results  that  if  the  nature  of  the  growth 
is  not  known  a  treatment  of  1  part  in  2  000  000  parts  of  water 
will  be  in  all  probability  sufficient  to  accomplish  the  work.  If, 
however,  the  organism  is  known,  a  much  smaller  amount  may,  in 
most  cases,  be  used. 

Recurrence  of  Growth.  —  It  sometimes  happens  that  a  short 
time  after  a  pond  has  been  treated,  and  the  growth  removed,  a 
second  growth  will  develop.  This  second  growth  may  ])e  the 
same  organism  as  the  first,  or  it  may  ])e  an  entirely  different 
organism.  The  fact  that  a  second  or  third  growth  sometimes 
develops  is  in  no  way  remarkable  when  we  consider  that  the 
copper  added  is  usually  precipitated  to  the  bottom  in  a  few  days 
and  becomes  inactive  in  the  water  above.  If  the  conditions  are 
favorable  for  a  second  development  there  is  nothing  but  the  reduc- 
tion of  spores  to  prevent  its  occurrence,  but  it  has  been  noted  that 
it  is  only  in  ponds  or  reservoirs  highly  contaminated  with  organic 
matter,  and  having  large  deposits  of  muck  at  the  bottom,  that  such 
repeated  growths  do  occur.  In  such  cases,  if  the  ponds  are  not 
cleaned,  it  may  be  necessary  to  treat  them  four  or  five  times  during 
the  year.  It  has  been  claimed  that  a  pond  once  treated  with 
copper  sulphate  will  require  a  stronger  treatment  for  the  second 
growth.     This  has  not  been  the  experience  of  the  writer. 

Influence  of  Copper  on  Bacteria  in  Water.  —  When  a  hea^y 
growth  of  algse  is  destroyed  by  treatment  with  copper,  the  dead 
organisms  furnish  food  for  the  development  of  bacteria,  and  unless 
the  algse  are  rapidly  precipitated  to  the  bottom  of  the  pond,  then 
with  the  fall  in  algae  comes  a  marked  rise  in  bacteria.  Water 
bacteria  require  ver^;  strong  solutions  of  copper  to  produce  the 
slightest  effect  upon  them.  Table  6  shows  the  effectu  pon  the 
common  water  bacteria  produced  by  the  treatment  of  copper  (1 
part  in  3  000  000  parts  of  water)  in  a  reservoir  containing  aste- 
rionella. 
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Taisle  6.  —  Effect  of  Copper  Sulphate  ox  Co.mmox  \\'ateh  Bacteria 


1905. 

March  13. 

„  14, 

„  15, 

„  IG. 

„  17, 

„  18, 

„  20, 

„  21, 

„  22, 

„  23, 

„  24, 

„  25, 

„  2G, 

„  27, 

V  28, 

„  29, 

„  30, 

„  31, 

April  1. 


after  Reduction  in  Asterioxella. 

Microscopic  Organisms.  Bacteria. 

Before  treatment                         4  625  405 

After            „                                 3  645  600 

3  325  6  000 

1  925  11  000 

1  850  12  000 

1  575  45  000 

1  350  100  000 

900  440  000 

350  630  000 

350  310  000 

400  107  000 

360  80  000 

300  64  000 

270  50  000 

150  37  000 

100  20  000 

100  8  000 

60  3  500 

25  860 


Proe.  \V.  p.  Mason.  Since  listening  to  this  very  interesting 
discussion  I  cannot  say  that  I  am  particularly  enthusiastic  about 
the  use  of  copper  sulphate  for  the  removal  of  the  typhoid  bacillus 
from  a  drinking-water  supph'.  There  seems  to  be  quite  a  bit 
of  difference  of  opinion  here.  I  noted  in  particular  how  much 
advantage  was  claimed  from  the  accumulation  of  copper  salts 
in  the  upper  reaches  of  the  sand  bed.  It  seems  to  me  that  if  we 
are  obliged  to  use  a  filter  anyhow,  it  scarcely  would  be  wise  to  go 
to  the  expense  of  the  introduction  of  copper  sulphate  before 
such  use.  The  efficiency  of  the  sand  bed  or  of  the  mechanical 
plant,  or  of  any  good  form  of  modern  filter,  is  already  high,  and 
I  do  not  believe  that  such  efficiency  is  going  to  be  materialh' 
increased  by  adding  copper  sulphate  to  the  water  before  it  is 
filtered.  There  is  no  question  whatever  that  there  is  a  very 
violent  popular  prejudice  against  such  an  addition. 

Dr.  Edwin  L.  Newcomb.*  It  seems  to  me  the  use  of  copper 
sulphate  is  not  intended  to  replace  the  filtration  beds,  but  it  is 

*  Philadelphia  College  of  Pharmacy. 
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simply  intended  to  be  used  as  an  adjunct  where  we  have  insufii- 
cient  filtration, or  filter  beds  which  are  not  deep  enough  to  filter 
sewage  or  applied  water  so  as  to  render  the  effluent  suitable. 
The  only  point  remaining  is  whether  copper  will  kill  typhoid  and 
other  organisms  which  pollute  the  sewage,  or  which  render  the 
water  sewage,  and  if  it  is  possible  to  kill  them,  then  it  seems  to 
me  it  is  a  ver\'  valuable  adjunct  to  the  filter  beds  which  do  not 
sufficiently  filter  the  water. 

Dr.  George  T.  Moore.  I  really  do  not  think  there  is  anything 
left  for  me  to  say.  We  have  had  a  verv  full  and  interesting  dis- 
cussion, and  a  number  of  points  have  been  referred  to  which  I 
think  all  of  us  wish  to  clear  up  if  possible.  The  discrepancy  in 
the  experience  of  the  various  ones  who  have  reported  requires 
some  explanation,  and  I  am  sure  that  further  opportunity  for 
experiments  along  all  lines  will  clear  up  matters  which  now  seem 
doubtful. 

It  should  be  borne  in  mind  that  so  far  as  the  original  projectors 
of  the  copper  method  of  purifying  water  are  concerned,  it  was 
not  contemplated  in  any  way  to  replace  efficient  means  already 
in  existence.  Aside  from  the  destruction  of  algae,  it  was  simply 
intended  to  suggest  a  possible  emergency  method  for  handling 
typhoid  where  a  sand  filter  did  not  exist,  and  no  other  means  for 
purifying  the  water  were  available.  And  under  such  conditions 
I  still  believe  that  the  authorities  would  be  justified  in  tempora- 
rily resorting  to  copper  sulphate  for  purifying  the  water  supply. 
The  suggestion  of  the  use  of  copper  in  destroying  typhoid  germs 
did  not  contemplate  a  continuous  treatment,  but  rather  the 
rapid  sterilization,  if  I  may  use  that  term,  of  water  which  had 
been  subjected  to  accidental  jDollution;  a  condition  which  would 
not  occur  again  because  of  precautions  immediately  taken. 

The  other  aspect  of  the  ciuestion,  the  use  of  the  method  in 
connection  with  filters,  is  something  with  which  we  have  had  but 
little  experience,  and  requires  further  experiments.  Our  inten- 
tion and  desire  has  been  to  put  before  the  public  all  the  informa- 
tion which  could  be  obtained,  and  allow  those  who  are  competent 
to  draw  their  own  conclusions. 

The  same  is  true  regarding  the  effect  of  copper  upon  man. 
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The  very  thorough  and  interesting  discussion  by  Dr.  Smith 
probably  had  one  effect  on  those  who  consider  copper  a  poison, 
and  anotlier  on  those  who  do  not  think  it  so.  Any  experience 
I  have  had  with  boards  of  health  throughout  the  country  would 
seem  to  indicate  that  mere  evidence  produced  on  either  side  of 
the  copper  question  had  little  or  no  effect  on  the  medical  men 
present.  It  is,  of  course,  practically  impossible  to  introduce 
the  use  of  copper  sulphate  into  any  community  for  any  purpose 
whatever,  where  there  is  opposition  of  the  medical  authorities, 
whether  state  or  local  boards  of  health.  And  thus  the  thing 
really  resolves  itself  into  a  local  question.  There  is  little  use 
discussing  the  question  or  trying  to  prove  that  copper  is  or  is 
not  a  poison,  if  3^ou  have  the  local  board  of  health  against  you. 
They  are  usually  not  open  to  argument  of  the  character  which 
has  been  presented  here.  For  this  reason  it  is  not  probable  that 
there  will  be  any  general  adoption  of  a  method  of  this  kind,  for, 
as  Professor  Mason  says,  there  is  undoubtedly  a  strong  popular 
prejudice  against  the  use  of  copper.  This  point,  however,  does 
not  need  discussion  here,  being  one  which  must  be  considered 
entirely  in  the  light  of  local  conditions. 

The  point  that  ^Ir.  Clark  referred  to,  the  standardizing  of  a 
test  for  copper,  seems  to  me  most  important.  We  have  had  and 
will  probably  continue  to  have  conflicting  results  regarding  the 
presence  of  copper,  or  the  amount  of  copper  remaining  in  a  water 
after  treatment.  Some  of  this  may  be  due  to  the  difference  in 
the  character  of  the  water;  probably  a  certain  amount  of  it  is 
due  to  the  difference  in  the  way  in  which  the  copper  is  deter- 
mined. Any  method  wiiich  will  result  in  getting  comparable 
results,  or  standardizing  the  whole  process,  is  much  to  be  desired; 
and  I  hope  that  in  the  future,  when  comparisons  of  this  kind  are 
made,  we  may  be  sure  that  the  methods  used  were  the  best  and 
that  they  have  been  carried  out  most  carefully.  The  only  diffi- 
culty that  I  can  see  regarding  the  method  that  ^Ir.  Clark  uses 
is  the  fact  that  it  is  so  complicated  and  requires  the  addition  of 
so  many  different  substances  —  distilled  water,  various  acids, 
etc.,  —  which,  of  course,  must  themselves  be  tested  for  copper. 
In  incompetent  hands,  outside  of  well-equipped  laboratories, 
tlie  chances  for  mistakes  and  the  finding  of  large  ([uantities  of 
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copper  where  little  or  none  occurs  in' the  water,  by  such  a  method, 
are  greatly  increased.  For  this  reason  I  wish  we  might  have  a 
simpler  method  which  could  be  used  universally  and  thus  elimi- 
nate as  much  as  possible  the  opportunity  for  error. 

Dr.  Frederick  8.  Hollis  *  {hy  letter).  In  the  various  papers 
presented  that  have  treated  so  fully  all  sides  of  the  copper  sul- 
phate method,  we  are  fortunate  in  having  records  from  different 
sections  of  the  country,  representing  the  action  of  copper  sulphate 
on  organisms  growing  in  waters  having  markedly  different  char- 
acters, especially  in  regartl  to  hardness  and  alkalinity,  and  prob- 
ably, too,  in  the  amount  of  organic  matter  in  solution  such  as 
gives  the  color  to  our  northern  waters. 

Water  like  that  reported  from  Ohio,  having  hardness  as  high 
as  400  and  alkalinity  100,  will  naturally  precipitate  the  copper 
more  promptly  and  completely  than  a  Massachusetts  or  Connec- 
ticut water  having  hardness  and  alkalinity  of  from  10  to  20,  and 
it  is  probable,  too,  that  certain  organic  matter  held  in  solution 
in  the  water,  as  well  as  carbonic  acid,  may  have  consideral)le 
to  do  in  retarding  precipitation.  Those  of  us  who  have  made 
applications  of  the  method  have  generally  been  asked  how  long 
the  sulphate  added  will  act  to  keep  down  the  growths  and  whether 
the  successful  removal  of  a  growth  one  season  will  prevent  it 
from  occurring  the  following  3^ear.  Neither  of  these  questions 
can  be  answered  definitely,  but,  from  what  has  already  been 
brought  out,  I  feel  that  I  have  been  quite  safe  in  stating  that  in 
most  waters  probabh'  enough  will  not  remain  in  an  active  form 
to  act  very  long  after  the  time  of  treatment.  The  complete 
or  nearly  complete  removal  of  a  form  of  growth  ought,  through 
the  prevention  of  the  formation  of  spores  from  which  the  growth 
in  the  following  season  starts,  to  greatly  lessen  the  chances  for  a 
repetition  of  the  growth.  On  visiting  the  reservoirs  from  which 
a  growth  of  Anabsena  was  removed  last  summer  at  the  time  when 
the  growth  last  year  was  at  its  height,  only  a  negligible  amount 
of  Anabsena  was  found  and  the  water  had  up  to  that  time  given 
no  trouble  from  any  growth. 

That  judgment  is  necessary  in  making  the  application  so  as 

*  Yale  Medical  School,  New  Haven,  Conn. 
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to  avoid  the  loss  of  sulphate  due  to  settling  from  the  line  of  strong- 
solution  following  the  boat,  in  case  there  is  not  sufficient  wind  to 
effect  rapid  and  complete  mixing,  has  already  been  mentioned. 
In  the  applications  that  I  have  made,  I  have  calculated  that  the 
sulphate  added  necessary  to  give  for  the  entire  contents  of  the 
reservoir  an  amount  equal  to  1  part  in  5  000  000  or  .2  part  per 
1  000  000,  really  went  into  solution  in  a  line  having  a  strength  of 
1  part  in  250  or  4  000  parts  per  1  000  000.  These  applications 
were  all  made  when  there  was  considerable  wind  and  in  compara- 
tively shallow  reservoirs,  where  the  wind  influences  easih'  reached 
to  all  depths. 

While  making  the  applications  unsparingly  over  the  shallow 
flowage  and  areas  covered  with  water  weeds,  which  I  determined 
to  be  the  breeding  places  of  some  of  the  forms  that  it  was  desired 
to  remove,  it  has  not  been  my  misfortune  to  kill  any  fish,  although 
the  reservoirs  were  well  stocked  with  bass,  pickerel,  perch,  and 
eels.  Bacteria  I  have  found  to  increase,  in  one  case  twentyfold, 
after  an  application  of  .2  part  per  1  000  000,  which  is  readily 
accounted  for  by  the  increase  of  food  material  supplied  by  the 
bodies  of  the  forms  that  have  been  killed.  All  of  the  accounts 
show  the  absolute  necessity  of  the  careful  determination  of  the 
microscopic  forms  present  before  making  the  application  because 
of  the  great  difference  in  susceptibility  of  different  forms. 

The  results  show  clearly  that  two  of  the  most  objectionable 
forms,  Anabsena  and  Uroglena,  yield  to  amounts  so  small  that 
there  ought  to  be  no  prejudice  against  its  use,  and  that  the  value 
of  the  method  cannot  be  overestimated  even  if  only  for  the 
restriction  of  these  two  forms. 

Growths  of  many  forms  are  retarded  or  held  in  check  by  an 
amount  of  sulphate  inadequate  to  exterminate  them,  while  in 
my  experience  a  growth  of  Chlamydomonas  increased  following 
the  treatment  for  the  removal  of  Anabsena,  imparting  its  sharp 
odor  and  taste  to  an  extent  sufficient  to  offset  largel}'  the  value 
derived  from  the  complete  removal  of  Anabsena.  Fortunately 
growths  of  Chlamydomonas  are  uncommon  and  such  a  case 
would  rarely  be  met  with.  While  in  writing  an  account  of  mv 
tests  I  used  the  method  that  has  commonly  been  employed  in 
recording  the  amount  of  copper  sulphate,  I.  with  others,  would 
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favor  reporting  it  in  parts  or  decimals  of  a  part  per  million, 
uniform  with  the  method  of  reporting  chemical  analysis. 


Copper  Sulphate  as  an  Adjunct   to   Sewage  Disposal. 

BY  EDWIN  L.  NT<]WCOMB,  PHARM.  D.      [By  letter.] 

One  of  the  most  useful  purposes  which  copper  sulphate  promises 
to  serve  in  the  purification  of  waters  is  in  the  treatment  of  sewage. 

Before  giving  the  results  of  the  experiments  whicli  I  have 
carried  out  along  these  lines,  I  wish  first  to  state  the  conditions 
with  which  I  have  had  to  deal. 

The  disposal  field  upon  which  I  have  been  experimenting  is 
located  at  Vineland,  N.  J.,  and  consists  of  eight  filter  beds  and 
three  settling  beds,  or  septic  tanks,  which  are  used  at  present  for 
separating  out  the  larger  portions  of  solid  matter  and  obtaining 
a  septic  action.  The  filter  beds  are  from  150  X  150  feet  to 
150  X  200  feet  in  dimensions,  and  the  amount  of  sewage  to  be 
cared  for  daily  is  approximately  280  000  gallons.  The  filtering 
material  in  the  filter  beds  consists  of  coarse  cinders  around  the 
drain  tiles,  gradually  decreasing  in  coarseness  until  the  natural  soil 
is  reached,  which  consists  mostly  of  fine  sand  and  some  gravel. 
This  layer  of  filtering  material  varies  from  two  feet  in  thickness 
at  the  upper  side  of  the  field  to  about  four  feet  at  the  lower  side; 
through  this  thin  layer  of  filtering  material  an  exceedingly  rich 
sewage  must  pass,  and  a  filtrate  suitable  to  enter  a  drinking-water 
supply  be  obtained. 

Experience  has  taught  that  it  is  almost  impossible  to  filter  a 
rich  sewage  through  such  a  thin  filter  as  this  and  obtain  a  filtrate 
which  is  fit  to  enter  a  drinking-water  supply. 

The  surroiuiding  physical  conditions  being  such  that  it  was 
impossible  to  increase  the  depth  of  the  filters,  and  as  the  filtrate 
was  badly  contaminated  with  intestinal  organisms,  I  decided, 
after  consulting  Dr.  Moore  and  Mr.  Kellerman,  of  Washington, 
D.  C,  to  try  copper  sulphate. 

In  connection  with  l\Ir.  Kellerman,  I  went  over  the  s}'stem,  and 
together  we  laid  out  a  plan  of  procedure;  an  examination  Avas 
made  of  the  raw  sewage,  both  chemically  and  bacterio logically ; 
the  onl}'  apparently  interfering  substance  from  a  chemical  point  of 
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view  was  the  organic  matter,  which  was  largeh^  albuminoid  in 
form,  and  hence  would  have  a  great  tendency  to  precipitate  out 
the  copper  salts. 

Space  will  not  permit  me  to  give  in  detail  the  results  of  all  the 
experiments  carried  out;  a  brief  summary  will  be  all  that  is 
possible  here. 

Copper  sulphate  was  first  applied  to  the  raw  sewage  in  a  quan- 
tity such  that  it  made  a  solution,  approximately,  1  part  of  copper 
sulphate  to  100  000  parts  of  sewage.  The  copper  was  added  in 
concentrated  solution  by  means  of  an  automatic  feed.  The  first 
noticeable  results  were  that  the  gate  chambers  and  connecting 
pipes  between  the  beds  attained  a  much  more  sanitary  condition, 
so  that  there  was  almost  no  odor  due  to  algse,  with  which  they 
were  previously  infested.  It  was  also  noticeable  that  a  large 
quantity  of  copper  had  been  precipitated  out  by  organic  material 
and  floated  about  the  surface  of  the  filter  bed;  this  was  probably 
an  albuminate  of  copper  possessing  less  germicidal  properties 
than  the  sulphate. 

The  bacteriological  examination  of  the  filtrate  showed  that 
there  was  a  gradual  decrease  in  the  number  of  intestinal  organ- 
isms, and  at  the  end  of  eight  days  no  coli  developed  on  litmus 
lactose  agar,  and  there  was  also  a  very  noticeable  decrease  in  the 
total  number  of  organisms.  The  results  of  these  tests  were  satis- 
factory in  a  measure,  but  not  altogether,  for  some  counts,  showed 
that  there  seemed  to  be  a  deficiency  of  copper,  due,  no  doubt,  to 
the  fact  that  at  times  more  was  precipitated  out  by  the  organic 
matter. 

I  therefore  began  using  the  settling  beds  as  septic  tanks  and 
adding  copper  sulphate  to  the  clarified  sewage  as  it  came  from 
these  tanks.  By  this  manner  of  operation  the  larger  portion  of 
organic  matter  is  broken  up  by  the  action  of  the  nitrifying  organ- 
isms in  the  septic  tanks;  therefore,  only  a  small  quantity  of  copper 
is  lost  by  precipitation.  It  has  been  proven  that  where  bacillus 
coli  and  other  intestinal  organisms  were  found  in  the  filtrate  from 
tlie  beds  when  no  copper  was  used,  there  were  absolutely  no  in- 
testinal organisms  to  be  found  after  the  use  of  copper  sulphate; 
therel)y  rendering  the  effluent  free  from  pollution  and  fit  to  enter 
a  drinking-water  supply. 
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The  determination  of  sewage  can  no  longer  be  made  upon  a 
chemical  analysis  alone,  for  as  Dr.  Henry  Kraemer  of  rhiladel- 
phia  stated,  "  Although  previous  authority  based  the  determina- 
tion of  sewage  on  the  amount  of  nitrites,  chlorine,  ammonia,  etc., 
this  can  no  longer  be  taken  as  a  criterion,  as  a  water  supply  may 
contain  any  or  all  of  these  substances,  and  at  the  same  time  not 
have  a  single  trace  of  sewage  present."  "  Sewage,  according  to 
the  modern  translation  of  the  word,  is  any  water  which  contains 
coli  organisms."* 

The  determination  of  the  exact  amount  of  copper  sulphate 
necessary  to  render  water  free  from  coli  is  as  yet  a  problem,  the 
two  chief  factors  which  determine  the  amount  necessary  in  this 
case  being  temperature  and  the  amount  of  organic  material.  At 
one  time  I  was  using  but  one  part  of  copper  sulphate  to  175  000 
parts  of  sewage,  but  a  change  in  temperature  caused  me  to  return 
to  1  part  to  100  000  of  sewage. 

Tests  have  been  made  repeatedly  for  coj^per  in  the  filtrate  by 
the  delicate  potassium  ferro-cyanide  test,  and  the  water  at  all 
times  has  given  no  discoloration. 

In  conclusion,  it  has  shown  that  where  filtration  plants  fail  to 
do  satisfactory  work,  due  to  the  non-elimination  of  intestinal 
organisms,  copper  sulphate  is  a  practical  means  by  which  the 
filtrate  may  be  rendered  free  from  disease  organisms,  and  as  has 
been  stated  by  Dr.  Kraemer,  "  It  has  the  added  advantage  of 
completely  destroying  the  organisms,  as  well  as  remoA'ing  them."  f 


Notes  on  the  Use  of  Copper  in  China. 

BY   S.   p.    BARCHET,   M.D.|      [By  letter.] 

Copper  and  brass  cash  are  the  standard  coin  of  China,  handled 
daily  by  old  and  young.  Copper  also  figures  largely  in  the  make- 
up of  kitchen  utensils;  copper  ladles,  copper  kettles,  and  copper 
pots  being  in  general  use. 

*  "  Third  Report  on  Experimental  Work  on  Sewer  Beds,  Vineland.  N.  J.,"  by  Edwin  L. 
Newconib. 

t  Amer.  Med.,  Vol.  ix.  No.  7. 

*  Annapolis,  Md. 
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It  is  no  uncommon  sight  in  Mid-China  to  see  rice  boiling  in 
copper  pots  with  verdigris  around  the  rim,  yet  the  people  who 
eat  the  rice  are  hale  and  hearty. 

Foreigners  who,  to  my  knowledge,  have  partaken  of  food  pre- 
pared in  copper  vessels,  did  not  suffer  in  any  way. 

In  my  medical  practice,  extending  over  twenty  odd  years  in 
the  Province  of  Chegiang,  I  met  with  not  a  few  cases  of  poisoning 
by  opium;  also  with  a  few  cases  of  poisoning  by  salts  of  mercury, 
or  arsenic;  but  I  never  saw  there  a  case  of  poisoning  by  copper. 

Children  who  had  swallowed  cash  were  occasionally  brought 
to  the  hospital,  but  apart  from  mechanical  obstruction,  no  un- 
toward symptoms  developed  in  those  cases.  Nor  have  I  seen  a 
case  of  copper  poisoning  recorded  in  any  of  the  medical  reports 
of  mission  hospitals  in  China. 

It  may  be  that  the  long-continued  use  of  copper  has  made 
the  Chinese  not  so  susceptible  to  the  irritant  action  of  copper 
salts,  or  that  the  minute  quantities  swallowed  are  insufficient  to 
produce  characteristic  symptoms. 

From  extensive  applications  of  the  sulphate  of  copper  in  certain 
troubles  of  the  eye,  I  have  only  seen  beneficent  results. 

The  remarkable  power  of  copper  and  its  salts  as  an  algicide 
and  germicide,  as  demonstrated  by  Drs.  Moore  and  Kellerman, 
throws  some  light  on  the  comparatively  good  health  of  crowded 
and  insanitary  Chinese  cities,  whose  inhabitants  drink  mainly 
hot  water,  tea,  or  wine,  boiled  in  cojtper  vessels. 

Mr.  G.  C.  Whipple  {by  letter,  November  27,  1905).  During 
the  last  few  days  I  have  had  an  opportiuiity  of  looking  over  a  re- 
port made  to  the  Brisbane,  Australia,  Board  of  Water  Works  by 
Mr.  Hardolph  Wasteneys,  analyst  of  the  board. 

The  report  is  dated  May  15,  1905,  and  relates  to  an  experimental 
investigation  of  the  effect  of  copper  sulphate  on  algse.  The  results 
of- Mr.  Wasteneys'  experiments  do  not  differ  greatly  from  those 
which  have  been  obtained  in  the  United  States.  The  organisms 
which  he  has  had  to  contend  witli,  however,  are  somewhat  different 
from  those  which  are  common  in  these  regions.  In  particular  he 
mentions  a  form  called  Microhaloa,  which  is  said  to  be  similar  to 
Palmellahyahna,  although  somewhat  larger.     The  most  common 


BR  OWN.  577 

orjiani.sms  present  in  tlio  water  at  tlie  time  when  he  nuule  his 
experiments  were  ^licrohaloa.  Anabtena,  Spirogyra,  and  Peridi- 
iiium.  These  organisms  were  practioally  all  killed  in  forty-eight 
jiours  with  one  part  of  copper  to  four  million  parts  of  water.  The 
Microhaloa  and  Anabaena  snecumbed  with  one  part  of  copper  to 
eight  million  parts  of  water. 

Mr.  Wasteneys'  report  gives  his  results  in  fidl  detail,  using  the 
standard  methods  so  well  known  in  this  country. 

He  also  experimented  with  large  sheets  of  copper  suspended  in 
numing  water,  but  found  that,  although  it  retarded  somewhat 
the  growth  of  the  zygnema  which  was  present  in  the  water,  it  by 
no  means  killed  it,  and  his  conclusion  was  that  the  use  of  sheet 
copper  as  an  algicide  would  not  1)6  successful  in  practical  applica- 
tions to  their  water  supply. 

Some  of  his  descriptions  of  the  occurrence  of  alg;e  in  the  reser- 
voirs of  the  Brisbane  Water  Works  are  of  much  interest,  and  we 
may  hope  to  have,  at  some  time  in  the  future,  a  paper  by  Mr. 
Wasteneys  describing  the  work  which  he  is  doing  in  Brisbane. 

Mr.  C.  Arthur  Browx  *  (hi/  letter).  I  have  listened  to  the 
papers  read  with  mucli  interest  and  some  perplexity.  It  seems 
strange  that  such  wide  differences  of  opinion  as  to  the  removal 
of  copper  and  its  salts  from  water  should  exist  among  the  workers 
who  have  taken  part  in  this  discussion.  Evidently  something  is 
wrong.  Even  admitting  that  there  is  a  certain  amount  of  preju- 
dice among  those  experimenting  along  this  line,  the  expressions 
are  at  too  great  variance  to  be  explained  on  this  basis.  I  think 
one  or  two  of  the  speakers  have  touched  on  what  is  probably  the 
real  trouble.  It  is,  I  think,  necessary  to  know  more  about  the 
type  of  water  which  is  to  be  treated  and  to  understand  more 
thoroughly  the  reactions  which  will  occur  when  copper  or  its 
salts  are  added  to  such  a  water. 

^ly  belief  is  that  the  work  must  be  brought  to  a  more  scientific 
basis,  and  the  men  using  these  materials  must  do  their  work 
along  better  defined  lines  and  with  less  guessing  at  what  is  going 
to  be  the  result.  It  seems  to  me  we  have  not  found  as  yet  the 
underlying    principle   on   which   good    work   must   be  done   and 

*  Lorain,  Ohio. 
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.satisfactory  results  secured.  Possibly  I  may  be  able  to  add  my 
mite  to  the  sum  total  of  knowledge  on  this  subject. 

Ignoring,  if  I  may,  the  question  as  to  whether  copper  is  or  is 
not  injurious  to  water  users,  if  present  in  small  amounts  in  potable 
waters,  I  wish  to  give  briefly  my  experience  and  to  state  in  a 
general  way  the  results  obtained  by  its  use.  In  my  early  work  on 
the  use  of  copper  sulphate,  I  found  it  necessary  to  know  positively 
the  character  of  the  water  to  be  treated,  and  likewise,  the  char- 
acter of  the  water  after  treatment.  I  soon  found  that  if  the  water 
to  be  treated  contained  as  much  half-bound  carbonic  acid  as  it 
did  combined  carbonic  acid,  the  tendency  was  to  hold  copper  in 
solution  for  a  greater  or  lesser  period  of  time.  If  a  large  amount 
of  organic  matter  was  present,  this  tendency  was  stronger,  and  if, 
in  addition,  some  free  carbonic  acid  was  present,  the  tendency 
was  still  stronger.  This  led  me  to  attempt  to  secure  the  removal 
of  the  copper  by  establishing  different  conditions.  I  soon  found 
that  if  the  free  carbonic  acid  and  a  small  portion  of  the  half 
bound  could  be  absorbed  by  caustic  hme,  then  copper  sulphate 
could  be  added  with  impunity,  in  reasonable  quantity,  and  the 
consequent  removal,  either  by  sufficient  sedimentation  or  filtra- 
tion, was  as  perfect  as  could  be  desired.  I  also  found  that  the 
precipitated  copper  was  as  efficacious,  apparently,  as  a  germicide 
as  was  necessary,  and  if  it  was  allowed  to  accumulate  on  a  filter 
bed,  manifested  no  tendency  to  go  into  solution  again. 

These  theories  were  given  a  practical  test  at  Anderson.  Ind.. 
in  the  filter  plant  installed  by  the  city,  which  was  then  furnishing 
water  to  supply  the  demands  of  Anderson.  A  summary  of  this 
test  has  been  reported  by  Dr.  ]Moore  and  Mr.  Kellerman  in  their 
last  "  Bulletin  "  on  this  subject.  The  remo^  al  of  the  copper 
seemed  to  be  complete,  10  liters  of  the  filtered  water  being  used 
for  the  purpose  of  testing  for  the  presence  of  copper.  Some 
criticism  was  offered  on  the  quantity  used  for  testing,  the  critics 
claiming  that  the  amount  taken  was  not  large  enough.  Another 
test  of  the  process  was  made  at  a  later  date  at  Marietta,  Ohio. 
This  test  was  also  on  a  large  scale.  In  taking  the  samples  to  be 
tested  for  copper  at  this  point,  I  tried  to  use  as  large  a  quantity  of 
the  filtered  water  as  was  practical,  taking  a  200-gallon  sample 
and  evaporating  to  dryness.     Later  on.  Professor  Monfort  took 
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lUO  jiuUoiis  for  the  same  purpose.  Tlie  fact  that  co[)per  is  found 
in  so  many  substances  led  me  to  think  that  it  might  possi])ly  be 
found  in  natural  water  if  large  enough  quantities  of  the  same 
could  be  examined.  At  the  time  the  filtered  sample  was  taken, 
I  therefore  took  200  gallons  of  the  river  water  and  subjected  it  to 
test.  The  200  gallons  of  river  water  yielded  0.10015  grams  of 
metallic  copper,  while  the  200  gallons  of  filtered  water  contained 
0.00275  grams  of  metallic  copper.  It  was  afterwards  ascertained 
that  the  latter  amount  was  too  large  in  all  probability,  as  care 
had  not  been  taken  to  collect  the  sample  before  passing  the 
pumps  and  other  brass  fittings;  but  even  assuming  the  amount 
present  in  the  filtered  water  to  be  correct,  there  is  shown  to  be 
present  onh'  1  part  of  copper  in  275  286  000  parts  of  water, 
while  the  river  water  in  its  normal  condition  at  that  time  carried 
thirty -si.K  times  as  much  copper.  Yet  people  ha-s^e  drunk  this 
water  as  far  back  as  oui-  knowledge  goes,  and  we  have  no  record 
of  copper  having  any  injurious  effects  upon  them. 

Later  determinations  by  Professor  Monfort  and  myself  of  the 
amount  of  copper  in  the  river  and  filtered  waters,  the  filtered 
water  being  taken  under  additional  precautions  to  prevent 
recontamination  by  copper,  confirmed  the  results  above  given, 
with  the  exception  that  the  quantity  found  in  the  filtered  water 
was  proven  to  be  much  smaller.  These  results  were  checked 
often  enough  to  make  us  certain  of  our  position. 

In  this  case,  we  find  that  97  per  cent,  of  the  copper  present  in 
the  river  v.ater  is  removed  by  this  process,  and  in  addition,  all 
the  copper  used  in  filtering  is  taken  out  as  well.  The  reason  is 
easily  seen.  Copper  sulphate  is  practically  insoluble  in  a  water 
containing  normal  carbonates.  By  absorbing  a  small  portion  of 
the  half-bound  carbonic  acid,  we  brought  about  th.e  presence  of 
normal  carbonates  in  the  water  to  which  the  copper  salt  was 
added.  The  water  entering  the  settling  basins  of  the  filter  plant, 
after  the  lime,  iron,  and  copper  had  been  added,  gave  a  distinct 
reaction  to  phenolphthalein. 

It  is  my  belief  that  some  of  the  results  obtained  by  the  others 
who  have  spoken  on  this  subject  were  not  such  as  would  have 
been  secured  had  they  established  the  conditions  above  spoken  of. 
If  enough  caustic  lime  is  added  to  absorb  all  of  the  free  and  a 
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portion  of  the  half-ljouiid  carboinc  acid,  you  can  then  apply  salts 
of  copper  and  secure  practically  com))lete  elimination.  This 
does  not  interfere  in  any  way  with  the  germicidal  action  of  the 
copper  salt  as  far  as  I  have  been  able  to  ascertain.  A  complete 
report  of  the  work  done  at  Marietta  will  appear  within  a  very 
short  time.  I  shall  not  say  a  great  deal  abont  the  bacterial 
results  obtained,  but  I  should  like  to  mention  the  fact  that  no 
sample  of  the  filtered  water  contained  B.  coli  communis. 

Mr.  (jeo.  T.  Prince.*  A  small  lake  located  in  one  of  the  parks 
of  Denver  has  given  reason  for  complaint  during  past  seasons 
because  of  the  offensive  odor  that  arises  as  a  result  of  the  presence 
of  micro-organisms  in  the  water.  It  was  determined  to  try  the 
effects  of  copper  sulphate  not  only  as  a  remedy  to  this  trouble 
but  also  to  gain  some  knowledge  from  experience  in  determining 
whether  we  woidd  resort  to  cojjper  sul]:)hate  in  any  of  our  reservoirs 
shoukl  occasion  recpiire. 

The  lake  was  treated  on  August  10.  last,  the  temperature  of  the 
water  at  the  time  of  treatment  being  24.5°  C.  The  ca})acity  was 
estimated  at  4  000  000  gallons  and  the  lake  covers  approximately 
one  acre  of  ground.  Sixteen  pounds  of  copper  sidphate  of  a  solu- 
tion of  one  part  in  two  million  parts  of  water  were  apjjlied.  All 
samples  were  taken  at  a  certain  point  throughout  the  experiment. 
Tlie  sample  taken  just  before  treatment  contained  a  vast  amount 
of  microscopic  organisms.  Most  of  these  organisms  can  be  grouped 
under  the  head  of  cyanophycea^,  or  blue-green  alga.\  They 
consist  of  ananbsea  circinnalis,  anabsena  flos  aciua*.  aphanizo- 
menon  and  clathrocystis  and  the  number  of  standard  units  of 
each  was  noted. 

The  bacteriological  analysis  before  treatment  showed  6  200  bac- 
teria per  cubic  centimeter.    The  sample  also  contained  bacillus  coli. 

A  blue-green  surface  scum  was  scattered  over  the  greater  portion 
of  the  lake. 

The  copper  was  applied  by  placing  it  in  two  gunny  sacks  which 
were  suspended  over  the  stern  of  a  boat  that  was  rowed  over  the 
surface  of  the  lake.  It  took  about  two  hours  to  complete  the 
treatment. 

*  Chief  Engineer,  Denver  Union  Water  Company,  Denver,  Colo. 
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About  twelve  hours  after  treatment  a  sample  of  the  water  was 
taken  and  no  trace  of  anaba^na  could  be  found.  Aphanizomenon 
had  almost  disappeared  and  about  25  per  cent,  of  the  clathro- 
oystis.  Twenty-four  hours  after  treatment  a  thick  scum  had 
collected  in  one  arm  of  the  lake  near  the  inlet.  A  blue-green 
scum  was  also  ^dsible  around  the  edges  on  the  shore.  The  sample 
taken  at  this  time  showed  an  entire  absence  of  anabsena  and 
aphanizomenon  and  a  reduction  of  over  sixty  per  cent,  of  clath- 
rocystis.  Very  little  effect  on  the  crustacese  was  noticeable, 
except  they  were  more  sluggish  in  their  movements.  The  number 
of  bacteria  was  135  000,  multiplication  evidently  being  due  to 
the  increased  supply  of  food  furnished  by  the  dead  algae.  Tests 
for  coli  were  negative. 

Forty -eight  hours  after  treatment  the  water  was  quite  turbid 
and  the  surface  scum  remaining  was  scattered  throughout  the 
lake.  The  clathrocystis  was  apparently  dead  and  only  twenty  per 
cent,  of  the  original  amount  was  present.  The  diatom  navicula 
showed  no  signs  of  life  at  this  time.  A  few  dead  crustacese  were 
found  also.  About  the  same  number  of  bacteria  were  found,  the 
count  being  130  000  per  cubic  centimeter. 

On  the  third  day  the  water  looked  much  clearer  and  the  surface 
scum  was  practically  all  gone. 

On  the  fourth  day  another  sample  was  taken  and  no  alga  were 
to  be  found.  The  bacteria  had  decreased  to  82  000.  The  water 
was  much  clearer  and  no  scum  was  visible. 

It  was  not  deemed  necessarj-  to  prolong  the  investigations 
further. 

Tests  were  made  for  copper  sulphate  in  1  000  cubic  centimeters 
of  the  sample  taken  on  the  fourth  day  and  the  reaction  was  nega- 
tive. The  delicate  posassium  ferrocyanide  test  was  used.  By 
this  test  it  is  possible  to  detect  1  part  of  copper  in  2  500  000  parts 
of  water. 

In  the  latter  part  of  September  one  of  our  reservoirs  was  so 
l:)adly  affected  by  the  presence  of  anabsena  that  we  decided  to 
resort  to  copper  sulphate  as  a  remedy.  The  reservoir  at  this 
time  covered  600  acres  of  ground  and  contained  approximately 
4  500  000  000  gallons  of  water.  We  began  to  apply  the  sulphate  at 
2.30  P.M.,  October  6,  and  the  work  was  continued  during  that  day, 


582  THE    COPPER   TREATMENT   OF    WATER. 

the  following  day,  and  half  of  the  next  day.  We  used  in  all  10  000 
pounds  of  copper  sulphate.  The  sulphate  was  placed  in  gunny 
sacks,  each  of  the  sacks  containing  about  seventy-five  pounds. 
A  gasoline  launch  was  used  in  the  process  of  apphung  the  sulphate, 
three  bags  being  suspended  on  each  side  of  the  launch  from  out- 
riggers. 

Analyses  were  made,  both  biological  and  bacteriological,  of  the 
samples  of  water  taken  before  treatment  and  everv'  twenty -four 
hours  after  treatment  for  five  days,  also  the  delicate  potassium 
ferrocyanide  test  was  used  in  determining  the  presence  of  copper 
in  the  water  but  with  negative  results,  showing  that  the  copper 
had  been  entirely  absorbed  by  the  micro-organisms  in  the  water. 

The  application  of  copper  sulphate  had  an  immediate  effect 
upon  the  microscopic  life  contained  in  the  water  and  also  upon 
the  odor.  It  will  be  noticed  that  anabaena  disappeared  entirely 
within  twenty-four  hours  after  treatment  and  that  the  more  per- 
sistent organisms  gradually  succumbed  to  the  influence  of  the 
copper  until,  nine  days  after  treatment,  the  analysis  shows  the 
water  to  be  practically  free  from  these  micro-organisms  with  the 
exception  of  bacteria,  which,  as  will  be  observed,  multiplied  A-ery 
rapidly  after  the  copper  sulphate  had  been  applied  to  the  water, 
due  undoubtedly  to  the  presence  of  dead  algse. 

The  color  of  the  lake  water  was  changed  in  consecpence  of  the 
treatment  and  resembled  more  a  body  of  salt  water  than  fresh  in 
appearance. 

The  results  were  A^ery  satisfactory  and  the  condition  of  the 
water  in  the  lake  made  it  possible  to  place  the  lake  in  service. 

The  bacteriological  count  has  decreased  rapidly  and  on  Octo- 
ber 25  there  were  present  4  750  colonies  per  cubic  centimeter. 
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PROCEEDINGS. 

November  Meeting, 

Hotel  Brunsa\'Ick, 

Boston,  November  S,  1905. 
George  Bowers,  President,  in  the  chair. 
The  following  members  and  guests  were  present : 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  H.  K.  Barrows,  George  Bowers, 
Dexter  Brackett,  E.  C.  Brooks,  James  Burnie,  F.  H.  Carter,  J.  C.  Chase,  D.  D. 
Clarke,  F.  C.  Coffin,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  G.  E.  Crowell,  A.  W. 
Cuddeback,  F.  F.  Forbes,  E.  V.  French,  F.  L.  Fuller,  T.  C.  Gleason,  A.  S. 
Glover,  R.  A.  Hale,  J.  O.  Hall,  T..  M.  Hastings,  T.  G.  Hazard,  Jr.,  H.  G.  Holden, 
F.  S.  Hollis,  J.  I..  Howard,  W.  S.  Johnson,  Willard  Kent,  F.  C.  Kimball,  G. 
A.  King,  L.  P.  Kinnicutt,  W.  W.  Locke,  D.  E.  Makepeace,  A.  D.  Marble, 
W.  E.  Maybury,  John  Mayo,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller,  F.  L. 
Northrop,  T.  W.  Norcross,  J.  B.  Putnam,  H.  E.  Royce,  C.  W.  Sherman,  W 
M.  Stone,  G.  H.  Snell,  G.  A.  Stacy,  J.  T.  Stevens,  H.  L.  Thomas,  W.  H.  Thomas, 
J.  L.  Tighe,  D.  N.  Tower,  W.  H.  Vaughn,  C.  K.  Walker,  R.  S.  Weston,  C.-E. 
A.  Winslow,  G.  E.  Winslow,  F.  E.  Winsor.  —  60. 

Honorary  Member. 
William  T.  Sedgwick.  —  1. 

Associates. 
Roy  S.  Barker;  Coffin  Valve  Co.,  by  H.  L.  Weston;  Hersey  Mfg.  Co.,  by 
Albert  S.  Glover,  J.  A.  Tilden,  W.  A.  Her.sey;  International  Steam  Pump 
Co.,  by  Samuel  Harrison;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  National 
Meter  Co.,  by  Charles  H.  Bald-win  and  J.  G.  Lufkin;  Neptune  Meter  Co., 
by  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by  J.  C.  Campbell;  Rensselaer 
Mfg.  Co.,  by  Fred  S.  Bates  and  C.  L.  Brown;  A.  P.  Smith  Mfg.  Co.,  by 
F.  N.  Whitcomb;  Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter 
Co.,  by  Frank  L.  Northrop  and  W.  F.  Hogan;  Water  Works  Equipment 
Co.,  by  W.  H.  Van  Winkle.  —  18. 

Guests. 

J.  D.  Ferguson,  Scituate,  Mass.;  Raymond  W.  Kent,  Cambridge,  Mass.; 
J.  H.  Howland,  Supt.  Water  Works,  Honolulu,  H.  I.;  F.  E.Adams,  Boston; 
Murray  Millikin,  Boston.  —  5. 

[Names  counted  twice.  —  3.] 
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The  following  were  elected  mem])ers: 

Lewis  R.  Davis,  Pittsburgh,  Pa.;  Stanley  A.  Miller,  Asst. 
Engineer  Mexican  Light  &  Power  Co.,  Necaxa,  Puebla,  Mexico; 
Donald  M.  Belcher,  Sanitary  Engineer,  Charleston,  S.  C;  John 
Hastings  Rowland,  Asst.  Superintendent  of  Public  Works  and 
Superintendent  of  Water  Works,  Honolulu,  H.  L;  Alexander 
Orr,  Superintendent  of  Water  Works,  Gloversville,  N.  Y.;  Warren 
U.  C.  Baton,  Asst.  Chemist,  Washington  Aqueduct  Filtration 
Plant,  Washington,  D.  C;  George  T.  Moore,  engaged  in  sanitary 
work  connected  with  water  supplies,  Washington,  D.  C;  George 
C.  Warren,  President  Water  Commissioners,  Saginaw,  Mich.; 
James  Lyford  Davis,  Asst.  Engineer,  Acjueduct  Commission,  New 
York;  John  Bvron  Goldsborough,  Croton-on-Hudson,  N.  Y.;. 
E.  L.  Grimes,  troy,  X.  Y.;  Ernest  C.  Le\w,  M.D.,  Director  of 
Laboratory  of  Water  Department,  Richmond,  Va.;  Jules  Breu- 
chaud,  Yonkers,  N.  Y.;  Joseph  F.  Regan,  Jr.,  General  Manager 
Consolidated  Water  Co.,  Utica,  N.  Y.;  Albert  L.  AVebster,  Civil 
and  Sanitary  Engineer,  New  York  City;  Theodore  D.  L.  Coffin,  in 
charge  of  the  Long  Island  Filter  Plants,  Jamaica,  L.  L;  H.  W. 
Clark,  General  Manager  and  Treasurer  of  Mattoon  Clear  Water  Co., 
Mattoon,  111.;  William  Naylor,  Superintendent  of  AV^ater  AA'orks, 
Maynard,  Mass. 

The  paper  of  the  afternoon  was  by  Profs.  W.  T.  Sedgwick  and 
C.-E.  A.  Winslow  of  the  Massachusetts  Institute  of  Technology,  on 
"  The  Present  Relative  Responsibility  of  Public  Water  Supplies 
and  Other  Factors  in  the  Causation  of  Typhoid  Fever."  It  was 
followed  by  a  discussion  by  Mr.  E.  E.  Lochridge,  Engineer  of 
the  Water  Department,  Springfield,  Mass.;  Dr.  George  Burgess 
Magrath,  Acting  Secretar}^  of  the  State  Board  of  Health;  Professor 
Winslow,  Prof.  Leonard  P.  Kinnicutt,  Robert  S.  AA^eston,  Dr. 
Frederick  S.  Hollis,  and  AVm.  W.  Locke. 

Adjourned. 

EXECUTIVE  COAIMITTEE. 

Boston,  Mass.,  November  8,  1905. 

]\Ieeting  of  the  Executive  Committee  of  the  New  England  Water 
AA^orks  Association  at  headquarters,  Tremont  Temple,  Boston, 
AVednesday,  November  8,  1905.  at  11.30  a.m. 

Present:  President  George  Bowers  and  Charles  AA^.  Sherman ,^ 
Frank  E.  Merrill,  F.  AA^  Gow,  George  E.   Crowell,    George    A. 
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Stacy,   L.   M.    Bancroft,   James    Burnie,    James    L,   Tiglie,   and 
Willard  Kent. 

The  Secretary  read  the  appUcations  for  membership  from  the 
following  persons: 

Donald  M.  Belcher;  E.  L.  Grimes;  Alexander  Orr;  John  F. 
Reagan,  Jr.;  Albert  L.  Webster;  Jules  Breuchaud;  John  Hastings 
Howland;  Ernest  C.  Le^'^',  M,  D.;  Lewis  K.  Davis;  Theodore  D.  L. 
Coffin;  William  Naylo/;  H.  W.  Clark;  Warren  U.  C.  Baton; 
Stanley  A.  Miller;  George  T.  Moore;  George  C.  Warren;  James  L. 
Davis;  John  B.  Goldsboroiigh; 

and  it  was  voted  to  recommend  the  applicants  for  election. 

On  motion  of  Mr.  Stacy,  seconded  by  Mr.  Tighe,  it  was  voted: 
That  the  February  meeting  of  the  association  be  recommended  for 
Ladies'  Day. 

Adjourned. 

Attest:     Willard  Kent,  Secretary. 
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AuRELius  G.  Pease,  water  commissioner,  Spencer,  Mass.,  died 
September  20,  1905,  at  Phcenix,  B.  C,  where  he  had  gone  on  a 
vacation  trip.  He  was  sixty-eight  years  of  age,  and  had  been 
in  business  in  Spencer  for  thirty  years.  He  leaves  a  wife  and  one 
daughter. 

Mr.  Pease  became  a  member  of  tlie  Xew  England  Water  Works 
Association  on  June  16,  1886. 
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BOOK    NOTICES. 

Report  of  the  New  York  Bay  Pollution  Commission:  Daniel  Lewis,  Oliii 
H.  Landreth,  Myron  S.  Falk,  George  A.  Soper,  Louis  L.  Tribus,  Commissioners. 
[State  of  New  York,  Senate  Docmnent  No.  39,  1905.]  135  pages  and  folded 
map. 

The  question  of  the  pollution  of  New  York  Bay  by  sewage  is  obviously  one 
of  great  importance,  and  the  difiiculties  in  the  way  of  a  satisfactory  solution, 
due  to  the  division  of  jurisdiction  between  the  states  of  New  York  and  New 
Jerse}^,  are  serious.  This  commission  was  appointed  in  Jvme,  1903,  and 
reported  on  March  31,  1905.  The  several  members  of  the  Commission  took 
up  individually  the  investigation  of  branches  of  the  Uiain  subject,  and  their 
detailed  reports  are  given  as  appendices  to  the  report  of  the  Commission.  Its 
recommendations  are,  that  the  State  of  New  York  bring  action  in  the  United 
States  Supreme  Court  against  the  State  of  New  Jersey  and  the  Passaic  Valley 
District  Sewerage  Commission,  to  prevent  the  discharge  of  the  sewage  of  that 
district  in  the  harbor;  and  that  a  Metropolitan  District  Sewerage  Commis- 
sion be  appointed  to  continue  the  work,  and  to  make  comprehensive  plans  for 
the  sewage  disposal  of  the  whole  New  York  .Metropolitan  District. 


Thirty-sixth  Annual  Report  of  the  State  Board  of  Health  of  Massachusetts, 
for  the  year  1904. 

In  addition  to  the  advice  to  cities  and  towTis,  and  experiments  on  purifi- 
cation of  sewage  and  water,  which  are  regular  featvu'es  of  these  reports,  the 
present  volume  contauis  a  report  on  examination  of  public  water  supplies, 
covermg  some  seventA'-five  pages,  giving  the  averages  of  the  chemical  analyses 
of  all  the  water  supplies  of  the  state  for  the  last  live  years,  and  also  grouping 
the  several  sources  in  the  order  of  their  chemical  constituents,  there  being 
a  separate  table  for  each  of  the  more  important  substances  sho'wai  by  chemical 
analysis,  as  well  as  for  color,  odor,  and  hardness.  The  water  supply  statistics 
given  also  contain  the  consumption  of  water  for  all  supplies  in  the  state  of 
Avhich  records  are  available,  as  well  as  records  of  rainfall  and  flow  of  streams  for 
the  vear. 


JOURNAL 


OF    THE 


New  England  Water  Works 
Association. 


VOLUME    XX. 
1906. 


PUBLISHED    BY 

The   New   England  Water  Works   Association, 

71S    Tremont   Temple,    Boston,    Mass. 


The  four  numbers  composing  this  volume  liave  been  separately  copyrighted 
in  1906,  by  the  New  England  Water  Works  Association. 


Cfje  JFort  l^fll  IPrrss 

SAMUEL   USHER 

176   TO  184  HIGH    STREET 

BOSTON,  MASS. 


INDEX. 


Abbott,  Dr.  A.  C.      (With  Harrington,  Charles,  and  Sedgwick,   W.  T.). 

Report  of  commission  of  sanitary  experts  on  protection  of  Seattle 

water  supply.     458-463,  Dec. 
Agnew,  Samuel  A.     Pumping  without  attendance  (by  oil  engines).      With 

disc.     3.30-345.  Sept. 
Air  chamber,  pumping  without.    Geo.  A.  St.\cy.    With  disc.    379-384,  Dec. 
Alvord,  John  W.     Report  on  protection  of  Seattle  water  supply  against 

pollution  by  railroads.      442-457,  Dec. 
Atkinson,  Edward.     Died  Dec  11,   05.     Obituary  124,  Mar. 
Attleboro,   Mass.     Reinforced   concrete   standpipe.     G.    H.    Sxell.     111. 

With  disc.     302-329,  Sept. 

Baker,  M.   N.     Biographical  sketch   of  W.    T.    Sedgwick,     94-9 7 >  ^lar. 

Water  supply,  typhoid  fever,  diarrheal  diseases,  and  infant  mortality 
at  Burlington,  Vt.,  1879-1905  inclusive.      With  disc.  163-224,  June. 
Bancroft,  Lewis  M.     Report  of  treasurer  for  1905.     106-110,  March. 
Barbour,  Frank  A.     Reinforced  concrete  standpipe  at  Attleboro,  Mass. 

111.     310-325,  Sept. 
Beals,  Joseph  E.      Homespun  device  for  raising  pipe  in  the  trench.      244- 

246,  Sept. 
Blake,  Edmund  M.     The  pitometer  and  its  uses.      Ill      With  disc.      152- 

162,  June. 
Book  Notices. 

Handbook  of  cost  data.     H.  P.  Gillette.      125,  Mar. 

Hydrauhc  motors.     Irving  P.  Church.     235,  June. 

Practical  cement  testing.     W.  Purves  T.aylor.     125,  Mar. 

Quasi-public     corporation     accounting    and    management.       John 
F.  J.  MuLHALL.     495,  Dec. 
Bowers,  George.     President's  annual  address,  Jan  10,  06.      101-104,  Mar. 
Brockton,   Mass.     New  water   supply  from   Silver   Lake.      Charles  R. 

Felton.     111.     With  disc.     385-405,  Dec. 
Brookline,  Mass.     Compulsory  metering.     F.F.Forbes.    247-251,  Sept. 

Cambridge,  Mass.,  vital  statistics  of.     L.  M.  Hastings.     111.     With  disc. 

406-426,  Dec. 
Cast-iron  pipe.      E.xperience  with  X  E  W  W  A  specifications.      346-347, 

Sept. 
Cleveland,  Ohio.     Typhoid  fever  epidemic  of  1903-1904.     G.  C.  Whipple. 

111.     266-301,  Sept. 


IV  INDEX. 

Coffin,  Freeman  C.     Progress  report  of  committee  on  meter  rates.     237- 
243,    Sept. 
Died  Xov  11,  06.      Obituary  493,  Dec. 
Consumption  of  water  in  Brockton.     386,  Dec. 
Cost  of  concrete  in  concrete  standpipe.     322,  Sept. 

Dams  for  U.  S.  reclamation  service.      M.  O.  Leighton'.     111.      128-151, 

June. 
Davis,  Carleton  E,     Water  supply  problems  on  the  Isthmus.     111.     252- 

265,  Sept. 
Doane,  A.  O.     Water  pressure  regulators.     111.      With  disc.      1-16,  Mar. 
Duty  of  pumping  engines,  value  of.     397,  Dec. 

Editor,  report  of,  for  1905.      111-114,  Mar. 

Electric  pumping  at  Schenectady,  N.  Y.     G.  S.  Hook.      111.     89-93,  ^is^'"- 

Electrolysis.     (Disc.)     111.     34-50,  Mar. 

Felton,  Charles  R.     New  water  supply  of  Brockton  from  Silver  Lake. 

111.     With  disc.     385-405,  Dec. 
Fire  services,  private.     Report  of  committee.     With  disc.      17-33,  Mar. 
Forbes,  F.  F.     Compulsory  metering  in  Brookline,  Mass.     247-251,  Sept. 
Freeman,  John  R.     Report  on  protection  of  Seattle  water  supply.     464- 

486,  Dec. 

Harrmgton,  Dr.  Charles.  (With  Abbott,  A.  C,  and  Sedgwick,  W.  T.) 
Report  of  commission  of  sanitary  experts  on  protection  of  Seattle 
water  supply.     458-463,  Dec. 

Hastings,  L.  M.  A  study  of  some  vital  statistics.  (Cambridge,  Mass.) 
111.      With  disc.      406-426,  Dec. 

Hook,  G.  S.     Electric  pumping  at  Schenectady,  X.  Y.     111.     89-93.  Mar. 

Hydrants  and  valves,  uniformity  in  opening,  and  in  nut;  report  of  com- 
mittee.     With  disc.      348-361,  Sept. 

Irrigation  works  of  U.  S.  reclamation  service.  M.  O.  Leightox.  111. 
With   disc.      1 28-15 1,     June. 

Kent,  Willard.     Annual  report  of  secretary  for  1905.      104-106,  Mar. 

Leakage  of  pipes  (Silver  Lake  Force  Main,  Brockton).     395,  Dec. 

Leighton,  Marshall  O.  Engineering  construction  by  the  U.  S.  reclama- 
tion service.     111.     With  disc.      128-151,  June. 

Lochridge,  E.  E.  Typhoid  fever  epidemic  in  Springfield,  Mass.,  1905. 
60-75,  Mar. 

Magrath,   Dr.   Geo.   B.     Typhoid  fever  epidemic  in   Springfield,    Mass., 

1905.      75-83,  Mar. 
Metering,   compulsory,   in    Brookline,    Mass.     F.    F.    Forbes.     247-251, 
Sept. 


,       IXDKX.  V 

Meter  rates  —  progress  report  of  committee.     237-243,  Sept. 
Meters. 

Pitoineter.     E.  M.  Blake.      152-162,  June. 

Venturi    meters    on    Metropolitan   water   works.     C.    M.    S.wille. 
158-159,  June. 

N  E  W  W  Association. 

Addresses.     President's  (Geo.  Bowers).      1 01-104,  Mar. 
Committees. 

Meter  rates  (progress  report).     237-243,  Sept 

Private  fire  services.      (With  disc.)      1 7-33,  Mar. 

Uniformity  in  direction  of  opening  hj-drants  and  valves,  and  in  size 
and  shape  of  hydrant  and  valve  nuts.     348-361,  Sept. 
Executive  committee  proceedings. 

122-123,  Mar. 

232,  June. 

374-376,  Sept. 

491,  Dec. 
Meetings. 

Dec  13,  05.     98-99,  Mar. 

Jan  10,  06  (annual).     99-119,  Mar. 

Feb  14,  06  (ladies' day).      120-12 1,  Mar. 

Mar.  14,  06.     225-231,  June. 

June  13,  06.     362-363,  Sept. 

Sept  12-14,  06.     Twenty-fifth  annual  convention,  White  Mountains. 
363-373.  Sept. 

Nov  14,  06.     487-491,  Dec. 
Obituary. 

Edward  Atkinson.      Died  Dec  11,  05.      124,  Mar. 

Thos.  W.  Mann.     Died  Feb  28,  06.     233.  June. 

Frank  A.  Andrews.     Died  Mar  i,  06.     233,  June. 

J.  J.  R.  Croes.     Died  Mar  17,  06.     234,  June. 

W.  W.  Burnham.     Died  Aug  10,  06.     377,  Sept.;  4()2,  Dec. 

Freeman  C.  Coffin.     Died  Nov  11,  06.     493,  Dec. 
Officers,  election  of,  for  1906.      116,  Mar. 

Oil  engines,  etc.,  for  pumping.     330-345,  Sept. 

Opening  valves  and  hydrants,  direction  of.     348-361,  Sept. 

Panama,  water  supply  of.     C.  E.  Davis.     111.     252-265,  Sept. 
Pipe,  raising  or  lowering  in  trench.     J.  E.  Beals.     244-246,  Sept. 
Pitometer.     E.  M.  Blake.     111.      152-162,  June. 
Pollution  of  water  supply. 

Burhngton,  Vt.  M.  N.  Baker.  163-224,  June. 
Cleveland,  O.  G.  C.  Whipple.  266-301,  Sept. 
Seattle,  Wash,  (by  railroads).     W.  T.  Sedgwick.     427-486,  Dec. 


VI  INDEX. 

Pressure  regulators,  water.     A.  O.  Doaxk.     111.     With  disc.      1-16,  Mar. 
Private  fire  services:  report  of  committee.     With  disc.      17-23,  Mar. 
Pumping  by  electricity,  Schenectady,  N.  Y.     G.  S.  Hook.    111.    8Q-93,  Mar. 
Pumping    without    an    air    chamber.     George  A.  St.\cy.      With    disc. 

379-384,  Dec. 
Pumping   without   attendance    (by   oil   engines) .     S.    A.    Agnew.     With 

disc.     330-345.  Sept. 

Railroad  cars,  water  supply  and  sewerage  of.     W.  T.  Sedgwick.     434- 

441,  Dec. 
Railroads,     pollution    of    water    supplies    by.      \Villi.\m    T.    Sedgwick. 

427-486,  Dec. 
Rates  for  metered  water,  progress  report  of   committee.     Freem.\n   C. 

Coffin,  chairman.     237-243,  Sept. 
Reclamation  service,  engineering  construction.     M.   O.   Leighton.     111. 

With  disc.      1 28-151,  June. 
Regulators,  water  pressure.     A.  O.  Doane.     111.     With  disc.      1-16,  Mar. 

Schenectady,  N.  Y.     Electric  pumping.     G.  S.  Hook.     111.     89-93,  Mar. 
Scituate,  Mass.     Pumping  by  oil  engines.     S.  A.  Agnew.     330-345,  Sept. 
Seattle,  Wash.     Protection  of  water  supply  from  pollution  bj''  railroads. 

W.  T.  Sedgwick  and  others.     427-486,  Dec. 
Secretary,  report  of,  for  1905,      104-106,  Mar. 
Sedgwick,  William  Thompson,  Pres  N  E  W  W  A 
Portrait,      i,  Mar. 

Biographical  sketch.     M.  \.  Baker.     94-97,  Mar. 

Protection  of  water  supplies  from  pollution  by  railroads,  with  special 
reference  to  the  water  supply  of    Seattle  and  criticisms  of  water 
supply  and  sewerage  of  trains.     427-486,  Dec. 
and  C.-E.  A.  Winslow.       On    the    present    relative    responsibility    of 
public  water  supplies  and  other  factors  for  the  causation  of  typhoid 
fever.      With  disc.      51-88,  Mar. 
Sherman,  Charles  W.     Report  of  editor  for  1905.      111-114,  Mar. 
Silver  Lake,  water  supply  for  Brockton,  Mass.     C.  R.  Felton.     385-405, 

Dec. 
Snell,   George   H.     Reinforced   concrete    standpipe   at    Attleboro,    Mass. 

111.     With  disc.     302-329,  Sept. 
Springfield,   Mass.,  typhoid  fever   epidemic  of   1905.     E.   E.    Lochridge 

and  Geo.  B.  Magrath.     111.     65-83,  Mar. 
Stacy,  Geo.  A.      Pumping  without  an  air  chamber.      With  disc.      379-384, 

Dec. 
Standpipe,  reinforced  concrete,  at  Attleboro,  Mass.      G.  H.  Snell,  F.  A. 

Barbour,  and  L.  C.  Wason.     111.     302-329,  Sept. 
Statistics. 

Of  disease  in  Burlington,  Vt.     M.  N.  Baker.     163-224,  June. 
Vital,  of  Cambridge,  Mass.     L.  M.  Hastings.     406-426,  Dec. 


INDKX.  Vll 

Treasurer,  report  of,  for  1905.      106-1 10,  Mar. 
Typhoid  fever. 

Causation  of.     W.  T.  Sedgwick  and  C.-E.  A.  Winslow.      With  disc. 

51-88,  Mar. 
Cleveland,  O.,  epidemic  1903-1904.     G.  C.  Whipple.     266-301,  Sept. 
Springfield,    Mass.,    epidemic,    1905.     E.    E.    Lochridge    and    G.    B. 

Magrath.     65-83,  Mar. 
Statistics  of,  and  other  diseases,  at  Burlington,  Vt.      With  disc.      M.  X. 

Baker..     163-224,  June. 

Valves  and  hydrants.  Uniformity  in  opening  and  in  nuts.  Committee 
report.     348-361,  Sept. 

Wason,  Leonard  C.  Reinforced  concrete  standpipe  at  Attleboro,  Mass. 
325-329,  Sept. 

Water  pressure  regulators.     A.  O.  Doane.     With  disc.     1-16,  Mar. 

Waterproofing  concrete  standpipe.     309,  323,  327,  Sept. 

Water  supply  of  Brockton,  Mass.,  from  Silver  Lake.  C.  R.  Felton.  3S5- 
405,  Dec. 

Whipple,  George  C.  The  Cleveland  typhoid  fever  epidemic  of  1903-1904. 
111.      With  disc.      266-301,  Sept. 

Winslow,  C.-E.  A.  (and  W.  T.  Sedgwick).  On  the  present  relative  respon- 
sibility of  public  water  supplies  and  other  factors  for  the  causation 
of  typhoid  fever.     With  disc.     51-88,  Mar. 


WILLIAM    T.  SEDGWICK. 

President   New   England   Water  Works  Association. 

1906. 


(See  page  94.) 


NEW  ENGLAND  WATER  WORKS  ASSOCIATION. 


ORGANIZED   1882. 

Yol.  XX. 

Marcl^,  1906.                              No.  1. 

Tliis  A  ■■<  social  ion,  as  a  body,  i 

■*■  7}ot  responsible  for  the  statements  or  opinions  of  any  of  its 
members. 

WATER  PRESSURE   REGULATORS. 

BV  A.  O.  DOANE,  DIA'ISION  ENGINEER,  METROPOLITAN  WATER  WORKS, 

BOSTON,    MASS. 

[Read   December  13,   1905.] 

The  problem  of  providing  the  proper  water  pressure  for  all 
parts  of  a  water-works  system  supplying  a  territory  having  con- 
siderable variation  in  elevation  is  somewhat  difficult,  as  very 
often  when  an  attempt  is  made  to  give  a  good  fire  service  in  the 
higher  portions,  the  lower  parts,  if  supplied  from  the  same  source, 
will  have  too  much  pressure  for  proper  domestic  service. 

A  solution  often  adopted  is  to  have  high  and  low  service  dis- 
tricts supplied  with  separate  mains.  In  cases  where  the  low- 
lying  portion  is  small  in  comparison  with  the  higher  parts  of  the 
district,  pressure  regulators  are  sometimes  employed.  If  the 
supply  is  by  gravity  from  a  source  so  elevated  that  the  direct 
pressure  would  be  too  high,  pressure-reducing  apparatus  may  be 
employed  to  provide  a  proper  domestic  service. 

These  appliances  are  also  useful  when  the  water  mains  are  too 
weak  to  withstand  the  higher  pressure,  as  in  some  old  cement-lined 
pipe  systems.  A  dangerous  district  may  be  supplied  through  a 
regulator,  thus  allowing  the  superintendent  to  get  some  sleep  at 
night,  provided  the  device  works  ]:)roperly;  otherwise  he  may  be 
■worse  off  than  l:)efore  it  was  put  in. 

A  considerable  difference  of  opinion  exists  among  water-works 
men  as.  to  the  usefulness  of  pressure-reducing  devices;  some 
condemn  them  entirelv  and  others  are  in  faA'or  of  them.     This 
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probably  results  from  the  different  experiences  they  have  had. 
some, perhaps,  having  emploj'ed  api^aratus  unsuited  to  the  condi- 
tions or  not  properly  installed  and  cared  for.  others  having  been 
more  fortunate  in  apparatus  or  conditions. 

A  pressure  regulator  is  an  automatic  machine  and  cannot  be 
treated  merely  as  a  part  of  a  water  main.  It  requires  intelligent 
care,  periodical  cleaning,  and  should  be  suited  to  the  conditions 
under  which  it  operates.  Some  makers  of  pressure  reducers 
advertise  them  as  suitable  for  steam,  air  or  water;  in  realitA'. 
the  conditions  under  which  a  regulator  works  in  a  water-works 
system  are  so  different  from  those  obtaining  in  steam  or  com- 
])ressed  air  practice  that  the  apparatus  for  handling  water  should 
J)e  quite  different  from  that  employed  for  steam  or  air. 

A  brief  description  of  some  of  the  most  commonly  used  makes 
of  pressure  regulators  may  prove  of  interest. 

The  Ross  regulating  valve  (Fig.  1)  is  made  by  the  Ross  A'alve 
Company,  of  Troy,  N.  Y.  The  working  parts  of  this  valve  con- 
sist of  a  central  stem  carrying  the  j)istons  E  and  F,  and  a  disk  ^•alve 
G,  which  seats  by  moving  upward  and  is  sealed  h\  the  action  of  a 
leather  collar.  The  areas  of  piston  F  and  valve  G  are  equal,  thus 
balancing  the  inlet  or  high  pressure  and  ])reventing  a  tendency 
to  move  up  or  down.  A  small  reducing  pressure  valve  B  is  placed 
on  a  pipe  leading  from  the  inlet  side  to  the  pressure  chamber 
formed  between  pistons  E  and  F.  A  relief  valve  C  is  on  the  pipe 
from  the  pressure  chamber  to  the  outlet  side.  The  small  gate 
valves  A  and  D  are  for  convenience  in  shutting  off"  the  water,  and 
have  nothing  to  do  with  the  ojieration  of  the  regulator,  wliich  is 
controlled  by  the  action  of  the  small  regulator  B  and  the  relief 
valve  C,  which  determine  the  pressure  in  the  contr(»lling  chamber 
between  ])istons  E  and  F.  This  pressure  is  intermediate  between 
the  high  or  inlet  pressiu'e  and  that  carried  on  the  low  or  outlet 
side,  and  is  sufficient  to  balance  the  upward  thrust  of  the  low 
pressure  water  on  the  bottom  of  the  ])iston  G,  when  the  pressure 
on  the  delivery  side  has  reached  the  desired  point.  On  account 
of  the  tendency  to  rise,  caused  bv  the  top  of  the  piston  E  being 
open  to  the  air,  thus  partly  counterlndancing  the  downward 
pressure  on  jiiston  F,  it  is  necessary  to  have  the  pressure  in  the 
controlling  chamber  higher  than  the  delivery  pressure,  the  amount 
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of  excess  Ijeiiig  determiiuHl  by  the  relation  of  the  areas  of  pistons 
E  and  F.  If  the  desired  outlet  pressure  is  exceeded,  the  upward 
thrust  under  piston  G  causes  an  increase  of  pressure  in  the  con- 
trolling chamber;    this  closes  or  diminishes  the  flow  through  the 
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Fig.  1. 


small  regulator  B  and  opens  the  relief  valve  C,  allowing  the  pistons 
to  rise  and  close  the  valve.  When  the  outlet  pressure  falls,  the 
pressure  in  the  chamber  is  reduced,  the  regulating  valve  opens 
and  the  relief  valve  closes,  allowing  the  pistons  to  fall,  thus  open- 
ing the  valve  and  increasing  the  pressure  on  the  delivery  side. 
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The  regulator  is  adjusted  by  turning  the  hand  wheels  on  valves 
B  and  C,  thus  changing  tlie  pressure  at  which  they  will  open  and 
close.  They  are  set  so  that  the  regulating  valve  B  will  close  at 
as  nearly  as  possible  the  same  ]:)ressure  that  causes  the  relief  valve 
C  to  open. 

When  this  regulator  is  ijroperly  adjusted  it  gives  close  regulation 
and  works  well  for  long  periods.  It  gives  the  most  satisfactory 
service  where  the  inlet  pressure  is  fairly  constant.  From  the 
principle  on  which  it  operates,  it  will  be  seen  that  if  there  is  a 
considerable  variation  of  the  high  pressure,  esj^ecially  if  the  mini- 
mum approaches  closely  or  even  falls  l^elow  the  low  pressure  for 
which  the  valve  is  adjusted,  it  will  close,  as  the  jiressure  in  the 
controlling  chamber  is  not  sufficient  to  hold  the  valve  away  from 
its  seat.  This  check-valve  action  is  sometimes  advantageous  in 
cases  where  the  valve  is  controlling  the  supply  to  a  reservoir  or 
standpipe,  as,  if  a  serious  break  in  the  main  on  the  high  pressure 
side  of  the  regulator  occurs,  the  valve  promjjtly  closes  and  pre- 
vents the  loss  of  the  stored  water.  But  under  ordinar\^  circum- 
stances this  action  results  in  a  reduction  of  pressure  on  the  deliv- 
ery side  below  that  desired.  The  cases  where  so  little  difference 
between  the  high  and  low  pressure  exists  are  probably  exceptional, 
as  ordinarily  where  a  regulator  is  installed,  there  is  quite  a  large 
difference  between  the  inlet  and  the  outlet  pressures  at  all  times. 

The  Mueller  water  pressure  regulator  (Fig.  2)  is  governed  by  a 
spring  B,  which  is  com})ressed  by  the  pressure  of  the  water  on 
the  delivery  side  acting  on  a  piston  C  fitted  with  a  rubber  cup  to 
prevent  leakage.  The  valve  D,  on  the  same  stem  with  piston  C,  is 
of  the  single-disk  type,  balanced  by  the  piston  E  and  fitted  with 
a  rubber  face  to  make  a  tight  joint.  It  is  held  away  from  its  seat 
b}'  the  spring,  imtil  the  pressure  of  water  acting  under  the  piston 
C  is  sufficient  to  compress  the  spring  and  close  the  valve.  When 
the  pressure  falls,  the  spring  forces  the  piston  down  and  opens 
the  \'alve.  In  the  larger  valves  the  area  of  the  top  ]?iston  is  so 
great  that  very  heavy  springs  are  necessary,  and  a  worm  gear 
with  hand  wheel  is  used  in  regulating  the  tension  of  the  spring. 

The  Union  water  pressure  regulator  (Fig.  3)  is  controlled  by 
the  pressure  of  the  water  on  the  outlet  side  of  the  valve  acting 
under  a  diaphragm.     This  pressure  is  balanced  when  the  desired 
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point  is  reached  by  means  of  a  lever  and  weights  acting  on  the 
upper  side  of  the  diaphragm.  The  lever  arm  is  connected  to  the 
stem  of  the  valve  and  rotates  the  interior  valve,  which  is  in  effect 
a  large  hollow  plug  cock  luning  several  ports  connecting  the  inlet 
and  the  outlet  sides.  These  are  opened  or  closed  as  the  pressure 
on  the  diaphragm  diminishes  or  increases.  The  regulator  is 
adjusted  by  varying  the  weights  on  the  lever. 


Fig.  3.     16-inch  T'xiox  Pressure  Kegilator. 


:\IKTR()POLITAN    A\ATKR    WORKS    RECULATI  )KS. 

I'our  regulating  ^'alves,  three  S-inch  and  one  10-inch,  con- 
structed under  the  supervision  of  the  writer,  and  eml)odying  some 
features  which  are  the  result  of  a  study  of  the  operation  of  regu- 
lators under  the  conditions  ol^taining  in  the  Metropolitan  district, 
have  been  in  service  for  i)eriods  ranging  from  tv.-o  and  one-half 
vears  to  seven  n;onths.  controlling  the  water  pressure  in  various 
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parts  of  the  Metro{)olitan  district  in  a  satisfactory  munner.  These 
valves,  as  shown  in  Fig.  4  and  Plate  1,  are  of  the  lever  and  weight 
type;  the  valve  bodies  are  of  the  regular  pattern  of  balanced 
valve  made  by  the  Waters  (lovernor  Company.  The  valves 
themselves  are  of  the  piston  double-seat  type;  the  pistons  are 
connected  l:)y  a  cylinder  instead  of  the  usual  rod,  and  are  cylin- 
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drical  in  section  for  |-inch  below  the  top,  then  conical  for  another 
|-inch.  and  the  bottom  edges  are  rounded  off.  The  object  of 
this  is  to  produce  a  considerable  travel  for  small  variations  in  the 
normal  flow,  which  is  small  compared  with  the  maximum  capacity 
of  the  valve,  and  b}'  a  slightly  greater  lift  to  provide  for  large  flow, 
as  in  case  of  fire. 
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The  controllor  is  a  cylinder  attached  to  the  side  of  the  valve 
body,  containiii<i-  a  piston  under  which  the  water  ])ressure  on  the 
delivery  side  acts;  this  is  counterbalanced  by  the  lever  and 
weight.  One  end  of  the  lever  is  attached  to  the  stem  of  the 
balanced  valve.  When  the  outlet  j)res.sure  rises  the  piston  is 
raised,  thus  causing  the  valve  to  close.  When  the  pressure  falls 
below  the  desired  point  the  weights  cause  the  valve  to  open.  By 
adjusting  the  weights  a  large  range  of  pressure  may  be  obtained. 
The  controller  is  constructed  so  that  a  variable  speed  is  obtained; 
when  the  valve  is  a  considerable  distance  from  its  seat,  water  has 
free  access  to  the  controlling  cylinder  and  the  motion  is  com- 
paratively rapid,  but  as  the  A-alve  approaches  its  seat  the  ad- 
mission of  water  under  the  piston  is  gradually  checked  and  the 
speed  reduced  until  the  last  part  of  the  closing  is  done  very 
slowly.  The  controller  piston  is  attached  to  the  lever  in  such  a 
way  that  its  travel  is  considerably  longer  than  that  of  the  main 
valve. 

The  device  is  practically  a  dashpot  and  controller  comljined, 
and  this,  together  with  the  conical  form  of  the  upper  part  of  the 
main  piston  valves,  reduces  the  danger  from  water  ram  caused 
by  sudden  closing  of  the  valve  to  a  minimum,  and  prevents  surging. 

Particular  attention  was  paid  to  having  all  parts  easy  of 
access.  The  main  valve  is  quickly  removed  by  taking  off  the 
top  head  and  drawing  it  out  through  the  seat  rings  without  dis- 
turbing the  lever,  controller,  or  weights.  All  parts  liable  to  cor- 
rode and  stick  are  made  of  composition. 

It  is  impossible  to  make  a  piston  valve  absolutely  tight  and 
have  it  remain  so,  but  the  leakage  is  so  small  that  it  is  generally 
much  less  than  the  leakage  from  the  water  mains  and  fixtures 
supplied  through  the  valve. 

In  order  to  give  the  most  satisfactory  service  under  the  rather 
trying  conditions  met  with  in  a  water-works  system,  a,  pressure 
regulator  should  be  simple  in  design,  having  as  few  parts  as  possi- 
ble, and  free  from  delicate  mechanism.  It  should  be  strong, 
durable,  and  reliable,  having  all  parts  easy  of  access  from  the 
top,  without  the  use  of  special  tools.  All  parts  lial.>le  to  rust  and 
thus  interfere  with  the  proper  working  of  the  apjiaratus  should 
be  made  of  comj)osition  or  other  non-corrosive  metal. 
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The  regulator  should  not.  under  an}-  conditions,  close  suddenly, 
thus  causing  a  dangerous  water  ram  in  the  pipe  on  the  high 
pressure  side.  It  should  not  surge,  therel)y  causing  an  intermit- 
tent pressure  on  the  mains.  The  apparatus  shoidd  be  controlled 
entirely  from  the  low-pressure  side;  and  \'ariations  of  jiressure 
on  the  inlet  side,  within  reasonable  limits,  sh()ui<l  not  affect 
the  pressure  on  the  delivery  side.  The  ^'alve  should  be  balanced 
as  nearly  as  possible  and  should  not  be  liable  to  stick  in  its  seat. 

The  sensitiveness  should  be  suited  to  the  requirements  of  the 
particular  conditions  under  which  it  is  to  operate;  for  instance, 
a  regulator  supplying  a  system  of  mains  connected  with  a  reser- 
voir or  standpipe  should  work  within  closer  limits  than  one  serving 
a  pipe  system  without  such  outlet,  as  in  the  former  case  the  reser- 
voir is  liable  to  overflow  and  cause  damage  if  too  great  a  variation 
in  pressure  is  allowed;  while  a  considerable  range  of  pressure 
would  not  ordinarily  make  any  material  difference  in  a  closed 
system  of  pipes  unless  it  is  a  case  of  weak  mains,  when  close 
regulation  would  be  desirable. 

As  there  is  always  more  or  less  fluctuation  in  pressure  in  a 
water  main,  especialh'  during  the  time  of  maximum  f^ow,  a  regu- 
lator which  is  too  sensitve  is  constantly  in  motion  and  suffers 
excessive  wear,  besides  having  greater  liability  to  surging  and 
producing  water  ram.  Under  ordinary  conditions  a  valve  that 
will  operate  on  a  change  of  pressure  of  from  two  to  four  pounds 
should  give  satisfactory  service. 

If  for  any  reason  extreme  sensitiveness  should  be  rec|uired.  a 
small  auxiliary  valve,  nearly  frictionless,  operated  by  a  diaphragm 
of  large  area,  may  be  employed  to  control  a  hydraulic  cylinder 
which  moves  the  main  valve  in  much  the  same  way  that  a  damper 
regulator  is  operated. 

It  is  a  common  practice  to  install  a  regulator  of  the  same  size 
or  even  larger  than  the  pipe  line  in  which  it  is  set.  Under  cer- 
tain conditions  a  valve  which  is  too  large  for  its  work  is  liable 
to  give  unsatisfactory  results.  As  the  regulator  operates  by 
throttling  the  opening  through  which  the  water  passes,  it  follows 
that  when  the  consumption  is  very  small  the  valve  is  very  near 
its  seat  and  any  sudden  rise  in  pressure  on  the  delivery  side  will  be 
apt  to  shut  the  vah'e  entirely,  thus  producing  a  water  hammer 
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which  is  liable  to  break  the  pipe  above  the  regulator.  The  valve 
and  seats  are  more  liable  to  damage  from  the  cutting  action  of  the 
water  at  high  velocity  in  a  large  regulator  with  a  small  flow  than 
in  a  smaller  valve  handling  the  same  amount  of  water.  The 
pressure  regulator  should  be  only  large  enough  to  pass  the  maxi- 
mum flow  of  water  likely  to  be  needed  in  the  district  supplied 
through  the  valve  without  excessive  loss  of  pressure  on  the  deliv- 
ery side.  The  friction  loss  due  to  the  maximum  flow  in  the  pipe 
line  above  the  valve  should  be  taken  into  account  in  any  calcu- 
lations of  capacity.  In  general,  a  valve  one  or  even  two  sizes 
smaller  than  the  pipe  line  will  be  found  amply  large. 

A  pressure  regulator  shoidd  always  be  set  in  a  chamber,  pref- 
erably built  of  brick,  sufficiently  large  to  allow  the  valve  to  be 
taken  apart  without  difficulty.  If  set  in  the  pipe  line,  a  by-pass 
containing  a  gate  valve  should  be  built  around  the  regulator,  or 
it  may  be  set  in  a  by-pass  with  a  gate  in  the  main  line  between 
the  by-pass  connections.  In  order  to  facilitate  examinations  or 
repairs,  it  is  advisable  to  have  a  stop  valve  on  each  side  of.  the 
regulator;  by  closing  these  and  opening  the  by-pass  A^alve  the 
proper  amount,  the  apparatus  may  be  taken  apart  without  inter- 
rupting the  service. 

In  order  to  keep  track  of  the  pressure  on  the  delivery  side  while 
the  regulator  is  out  of  service,  a  gage  cock  may  be  put  in  the  pipe 
beyond  the  stop  valve  on  the  outlet  side.  By  attaching  a 
gage  to  this  the  pressure  may  be  watched,  and  any  regulating 
necessary  may  be  done  by  opening  or  closing  the  by-pass  valve  by 
hand. 

In  cases  where  there  is  a  liability  of  sand  or  gravel  being  carried 
along  with  the  water,  it  is  a  good  plan  to  install  a  sand  catcher 
just  above  the  regulator.  No  screen  should  be  used,  as  it  would 
be  liable  to  become  clogged  and  thus  cut  off  the  flow. 

In  choosing  a  location  for  the  regulator  it  is  advisable  to  place 
it  at  such  an  elevation  that  the  pressure  on  the  outlet  side  will  be 
as  light  as  possible,  as  this  avoids  excessive  loading  by  weights  or 
springs  in  the  case  of  regulators  controlled  by  these  devices.  The 
valve  should  not,  however,  be  located  at  a  summit  in  the  pipe 
line,  as  air  would  be  liable  to  collect  in  it  and  perhaps  interfere 
with  the  operation  of  the  regulator. 
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In  cases  where  considerable  damage  would  be  caused  by  a 
pressure  exceeding  that  for  which  the  regulator  is  adjusted,  a 
water  relief  valve  may  be  placed  on  the  pipe  beyond  the  regulator, 
and  a  connection  made  to  a  drain  or  brook. 

It  would  be  advisable  to  inspect  such  a  relief  valve  occasionally 
in  order  to  detect  an}'  leakage. 

A  battery  of  regulators  is  sometimes  installed  to  handle  a  very 
large  flow  of  water.  If  the  regulators  are  set  so  that  one  will 
handle  the  light  flow  and  the  others  come  in  as  the  pressure  falls, 
owing  to  increased  consumption  on  the  low-pressure  side,  the 
danger  from  the  sudden  fluctuations  of  pressure  and  the  cutting 
of  valve  seats  is  decreased.  On  the  other  hand,  if  the  large  flows 
only  occur  occasionally,  as,  for  instance,  during  large  fires,  the 
regulators  set  to  open  last  may  stick  in  their  seats  and  refuse  to 
work  at  a  critical  moment. 

In  conclusion,  it  may  be  said  that  if  a  regulator  suited  to  the 
conditions  is  selected,  properly  installed,  and  given  intelligent 
care,  it  Avill  be  found  a  perfecth^  practical  and  satisfactory  appa- 
ratus. 

DISCUSSION. 

The  President.  The  paper  is  before  you  for  discussion.  I 
will  call  first  upon  Mr.  Ross. 

Mr.  William  Ross.*  I  did  not  come  here  prepared  to  discuss 
this  paper;  in  fact,  I  was  under  the  impression  that  associates 
were  not  expected  to  say  anything  except  in  a  c^uiet  way  to  the 
members.  I  will  not  take  up  much  of  your  time,  therefore, 
although  I  am  much  obliged  to  you  for  calling  upon  me. 

Mr.  Doane  has  given  a  very  good  description  of  our  valve,  but 
there  were  one  or  two  things,  one  in  particular  in  reference  to  the 
difference  of  areas,  to  which  I  should  like  to  call  attention.  This 
can  be  varied,  and  the  area  can  be  reduced  so  you  can  get  a  full 
flow  of  water,  the  capacity  of  the  pipe  line,  through  the  valve, 
with  a  reduction  of  not  more  than  one  and  one-half  to  f\\e  poimds, 
depending  somewhat  upon  the  size  of  the  valve.  On  a  very  large 
valve  we  can  reduce  the  area  exposed  to  the  atmosphere  so  that 
we  can  deliver  the  capacity  of  the  pipe  line  through  the  valve  with 
only  a  difference  of  a  pound  and  a  half.     I  don't  believe  it  wise 

♦Secretary,  Ross  Valve  Company,  Troy,  N.  Y. 
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to  go  as  close  as  that,  because  the  valve  must  be  veiy  sensitive 
if  it  works  on  so  little  variation  of  pressure. 

^Ir.  Frank  L.  Northrop.  I  should  like  to  ask  ^Ir.  Doane  if 
the  ])ressure  on  the  high-pressure  side,  the  variation  of  pressure, 
makes  any  difference  with  this  new  Metropolitan  valve? 

-Mr.  Doaxe.  So  far  as  I  have  been  able  to  find  out  it  does 
not  until  the  high  pressure  approaches  very  nearly  to  the  low 
pressure,  that  is,  until  it  gets  practically  way  down,  and  then  the 
only  trouble  is  apparently  due  to  friction  through  the  valve.  We 
have  had  a  chance  to  try  that  on  several  occasions,  and  so  far 
as  I  have  been  able  to  find  out  it  is  not  affected;  and  it  is  rather 
hard  to  see  how  it  would  be  affected,  for  the  reason  that  the  con- 
troller is  connected  with  the  low-pressure  side  and  has  al)solutely 
no  connection  with  the  high-pressure  water. 

Mr.  Northrop.     There  is  quite  an  amount  of  friction,  then? 

Mr.  Doane.  In  all  these  disk  valves  there  is  considerable  more 
friction  than  there  would  be  in  an  open-gate  valve,  but  the  idea 
of  the  thing  is  to  produce  friction.  You  want  to  reduce  the 
pressure,  and  in  order  to  do  that  you  put  in  a  frictional  device 
really.  That  is  to  say,  it  throttles  the  water  and  that  produces 
friction,  and  that  cuts  down  the  pressure;  the  object  is  to  keep 
the  pressure  down.  When  you  want  to  get  a  large  flow  you  have 
to  have  area  enough  to  pass  that  flow  without  an  excessive  loss 
of  pressure,  as  I  said  in  the  paper.  And.  if  you  will  notice,  this 
is  a  double-disk  valve,  so  it  has  a  pretty  good  area  when  both 
disks  are  on  the  same  spindle.  There  are  really  two  openings, 
and  the  area  is  considerably  greater  when  they  are  wide  open 
than  the  area  of  the  outlet  pipe. 

Mr.  Northrop.  Of  course  with  the  Union  valve,  where  it  is 
controlled  on  the  low  side,  the  same  is  true,  only  our  friction  is 
divided.     We  have  no  friction  against  the  plunger. 

Mr.  Doane.  There  is  but  little  mechanical  friction  in  our  valve. 
I  thought  3^ou  meant  liquid  friction.  There  is  practically  no  fric- 
tion in  this  valve  except  the  friction  of  the  stuffing-box,  which 
isn't  very  great,  that  is,  unless  somebody  is  too  strong  with  the 
monkey-wrench  on  the  stuffing-box. 

Mr.  Edwin  C.  Brooks.*     Mr.  President,  I  think  I  owe  it  to 

*  Superintendent  of  Water  Works,  Cambridge,  Mass. 
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the  Ross  valve  to  say  that  the  city  of  Cambridge  has  two  16-inch 
Ross  rcgidators  on  a  40-inch  steel  main.  That,  you  will  see.  is 
cutting  down  the  area  very  much  more  than  anything  which  has 
been  spoken  of  here;  the  ratio  would  be  somewhere  about  512 
to  1  600;  less  than  one  third.  Those  vah-es  have  been  in  use  now 
about  eight  years.  We  have  four  Bridgeport  recording  gages  in- 
stalled in  different  parts  of  the  city,  from  which  we  take  weekly 
charts,  and  the  valves  have  certainly  performed  remarkably  good 
work.  I  suppose  they  are  in  the  pit  where  they  were  the  last  time 
I  looked  for  them,  but  as  far  as  any  knowledge  of  that  is  concerned, 
I  don't  know  really  that  they  are  there.  The  regulation  is  very 
close,  and  the  valves  have  given  no  trouble,  excepting  that  Ave 
had,  on  one  of  the  small  regulating  valves,  a  spring  break,  four  or 
five  years  ago.  I  never  have  had  to  have  the  valves  even  taken 
apart  since  they  were  put  in  there. 

TuK  President.  Mr.  Coffin,  have  you  had  any  trouble  A^ith 
these  valves? 

Mr.  Freeman  C.  Coffin.  I  am  sorry  to  say  I  never  had 
anything  else.  I  ought  to  say,  however,  that  I  have  never 
used  but  one  of  the  valves,  and  therefore  my  experience  is  not 
conclusive. 

Mr.  John  C.  Whitney.  I  think  it  would  be  interesting  if  Mr. 
Coffin  would  tell  us  about  some  of  his  troubles. 

Mr.  Coffin.  It  was  very  simple,  Mr.  President.  The  valve 
didn't  keep  in  order.  It  seemed  to  be  impossible,  with  the  pres- 
sure which  was  on  it  —  it  was  a  small  valve,  only  4-inch  —  to  keep 
it  in  working  order,  and  the  result  was  that  after  being  repaired 
several  times  it  was  abandoned.  About  all  I  can  say  is  that  it 
failed  to  do  what  I  put  it  in  for. 

Mr.  F.  I.  WINSLOW^  I  should  like  to  know  something  about  the 
cost  of  such  a  regulator. 

Mr.  Doane.  I  should  think  an  S-inch  valve  would  perhaps 
cost  something  under  $300,  all  complete. 

Mr.  Winslow.     Including  the  by-pass  and  stop  valve? 

Mr.  Doane.     Yes. 

Mr.  Ross.  I  should  say  that  to  install  a  12-inch  with  a  by- 
pass would  cost  about  $450.  That  includes  the  gate  valves,  two 
bends,  two  nipples,  and  the  regulating  valve. 
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Mr.  Charles  N.  Taylor.*  I  never  had  an}^  experience  with 
large  valves,  but  I  want  to  say  a  word  about  the  small  vah-es  in 
service  pipes.  I  have  liad  a  great  deal  of  trouble  in  my  house  at 
Wellesley,  where  we  have  seventy  to  eighty  pounds  pressure,  in 
keeping  my  ball-cock  valves  from  leaking,  and  every  little  while 
I  would  have  to  send  for  a  plumljer,  which  was  very  nice  for  the 
plumber,  but  rather  bad  for  me.  I  was  telling  my  trouble  to  a 
supply  man  one  day  and  he  said,  "  I  can  fix  you  all  right."  So  it 
was  but  a  few  days  before  I  received  a  1-inch  ^Mueller  reducing 
valve.  I  didn't  have  much  confidence  in  it,  but  I  thought,  as 
long  as  they  sent  it  to  me,  I  would  have  it  put  on,  and  I  did. 
That  was  about  a  year  ago.  I  had  it  set  so  that  it  reduced  the 
pressure  to  about  forty  pounds,  and  it  has  given  me  great  satis- 
faction, and  I  have  been  relieved  from  having  the  plumber  come 
so  often  as  he  used  to.  I  should  recommend  putting  in  one  of 
these  valves  wherever  there  is  trouble  such  as  I  had.  1  think  the 
cost  is  something  like  $3.  Mr.  Ross  shakes  his  head  and  says  that 
that  is  low.  I  didn't  pay  for  it,  and  so  I  can't  tell  the  cost,  but 
if  it  cost  $5  or  $10,  I  think  it  would  be  economy  to  put  one  in. 

Mr.  George  A.  KiNG.f  I  should  like  to  confirm  what  the  last 
speaker  has  said.  I  have  had  a  Mueller  valve  on  my  service  pipe 
for  five  years  and  it  has  given  great  satisfaction.  We  have 
direct  pressure,  and  are  liable  to  raise  the  pressure  from  forty-five 
pounds  to  one  hundred  pounds. 

The  President.     I  should  like  to  call  upon  Mr.  Caldwell. 

Mr.  George  A.  Caldwell.J  I  thank  you  for  calling  on  me, 
Mr.  President,  but  I  don't  know  that  I  have  very  much  to  say 
about  our  regulators,  except  that  I  can  give  you  the  price.  For 
1-inch,  it  would  be  somewhere,  as  I  remember  it,  in  the  neighbor- 
hood of  $5  to  a  plumber  or  water-works  man.  For  ^-inch,  the 
price  is  $3.75.  We  make  the  claim  for  the  Mueller  regulator  that 
we  hold  the  pressure  at  the  set  pressure.  For  instance,  if  we  set 
the  pressure  at  forty  pounds,  we  will  hold  it  within  three  pounds 
of  that  right  along  in  service.  A  great  many  pressure  regulators 
are  merely  check  valves,  which  reduce  the  pressure  while  the 


*  Civil  Engineer,  Wellesley,  Mass. 

t  Superintendent  of  Waterworks,  Taunton,  Mass. 

}  Representing  H.  Mueller  Mfg.  Co.,  Decatur,  111. 
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water  is  flowing  through  the  valves,  and  after  the  pressure  has 
arrived  on  the  outlet  side  to  the  set  pressure,  then  there  is  a 
certain  amount  of  leakage  tlirough  the  regulator,  which  will  in 
time  bring  the  pressure  on  the  outlet  side  up  to  the  normal  i)res- 
sure  of  the  service.  This  we  claim  is  not  possible  in  the  Mueller 
regulator.  I  cannot  say  much  about  tlie  other  regulators,  for 
I  haven't  made  any  extended  observations  in  regard  to  them, 
and  therefore  I  am  not  in  a  position  to  speak  about  them. 

I  should  like  to  ask  one  ciuestion.  In  a  direct  pumping  system, 
will  the  Metropolitan  regulator  hold  the  pressure  at  the  set  pres- 
sure as  well  as  it  will  in  a  gravity  system? 

Mr.  Doane.  We  have  a  case  of  that  kind  where  the  fluctua- 
tions in  the  pump  are  ver}'  marked  on  a  gage  })ut  on  the  high- 
pressure  side  of  the  regulator,  and  I  have  never  been  able  to  see 
that  it  aff'ected  the  regulator  in  any  way.  It  might  carry  slight 
pulsations  through  it,  when  the  regulator  was  open  considerably, 
Ijut  not  enough  to  amount  to  an3'thing. 

A  good  use  for  pressure  regulators  on  direct  pumping  systems 
is  to  put  them  on  the  service  pipes,  because  the  way  they  are 
operated  in  many  cases,  as  I  understand,  is  to  raise  the  pressure 
to  one  hundred  j^ounds  or  over  when  they  have  a  fire,  to  throw 
in  more  pumps  and  raise  the  pressure  up  to  the  fire  pressure,  and 
when  there  is  no  fire  they  reduce  the  pressure  to  what  would  be 
a  good  domestic  pressure.  In  that  case  it  brings  a  violent  fluctua- 
tion on  the  service  pipes,  which  is  very  liable  to  cause  numerous 
and  costh'  plumbers'  bills,  and  if  you  have  a  small  regulator,  a 
Mueller  or  a  Ross,  or  any  standard  type,  on  the  service  pipe,  it 
will  take  care  of  that  fluctuation  and  keep  the  pressure  to  a 
reasonable  figure  on  the  house  side  and  avoid  all  destruction  of 
the  plumbing.  These  house  regulators  are  a  good  thing,  and  I 
can  speak  from  personal  experience. 

Mr.  Caldwell.  Just  one  more  word  with  regard  to  that.  It 
seems  to  me,  with  all  due  respect  to  every  regulator  on  the  mar- 
ket, the  Mueller  as  well  as  the  rest  of  them,  that  where  you  install 
a  regulator  on  your  main  line  for  reducing  the  pressure,  there  is 
no  regulator  that  will  work  satisfactorily  unless  you  have  a  by- 
pass around  it,  so  that  in  case  of  fire  3'ou  can  oj^en  up  ^-our  by-pass 
and  give  3'our  full  pressure  on  your  main.     I  don't  think  any 
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regulator  will  give  you  the  full  flow  through  and  still  hold  your 
pressure  down  to  the  set  pressure  of  your  regulator. 

Mr.  Doaxe.  That  is  so,  of  course,  from  the  nature  of  the  regu- 
lator. Otherwise  it  wouldn't  work  at  all.  But  if  you  want  to 
get  a  higher  pressure,  as  3'ou  say,  j-'ou  have  got  to  go  and  open 
the  regulator,  unless  you  have  some  automatic  device  which  will 
open  it,  and  even  those  automatic  devices  will  still  take  up  some 
pressure. 
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REPORT  OF  THE  COMMITTEE  OX  PRIVATE  FIRE 
SERVICES. 

[Presen'ed  December  IS,  1905.] 

Gentlemen  of  the  Neio  England  Water  Works  Association:  At 
the  1902  convention  of  the  American  Water  Works  Association, 
a  report  was  adopted,  expressing  the  sentiment  of  the  convention 
that  a  charge  be  made  for  fire  protection ;  that  unreasonably  large 
services  for  fire  or  other  purposes  be  not  permitted;  that  meters 
be  used  where  found  necessary,  and  reasonable  control  secured  of 
all  large  services. 

The  Central  States  Water  Works  Association,  at  a  convention  in 
1902,  unanimously  adopted  a  resolution  expressing  the  sentiment 
of  the  convention  in  favor  of  an  equitable  charge  for  the  protection 
afforded  by  private  fire  services. 

At  the  annual  convention  of  1903,  this  Association  adopted  a 
report  recommending  that  a  charge  be  made  for  fire  protection; 
that  unreasonably  large  services  be  not  permitted;  that  meters 
be  used  where  found  necessary,  and  all  large  services  provided 
with  a  cut-off  or  a  gate  so  located  as,  under  any  ordinary  combi- 
nation of  circumstances,  to  be  readily  accessible;  action  along 
the  same  lines  as  that  of  the  American  Association  for  the  year 
previous. 

At  the  1905  convention  of  this  Association,  this  committee 
was  enlarged  by  the  addition  of  Mr.  Geo.  W.  Batchelder  and 
Mr.  Hugh  ]\IcLean,  and  instructed  to  consider  and  report  a 
method  or  methods  by  which  the  value  of  fire  protection  can  be 
estimated. 

In  compliance  with  instructions,  your  committee  report  that 
fire  protection  should  yield  a  revenue  about  in  proportion  to  its 
cost,  as  compared  with  the  entire  cost  of  the  work;  that  private 
fire  protection  may  l)e  estimated  at  some  per  cent,  of  the  entire 
cost  of  fire  protection,  and  apportioned  among  those  benefited  in 
proportion  to  the  floor  space  of  the  protected  risks.  The  cost  of 
fire  ])rotection,  like  that  of  furnishing  water,  will  vary  in  different 
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localities,  as  also  the  proportion  properly  chargeable  to  private 
fire  protection,  and  this  may  be  determined  in  and  for  each 
individual  case.  Floor  space  seems  to  your  committee  to  be  the 
unit  bearing  the  closest  relation  to  value  of  the  risk  and  cost  of 
protection,  of  any  readily  determined. 

We  would  recommend  that  charges  for  fire  protection  be  made 
on  the  above  basis,  with  due  regard  to  different  conditions  obtain- 
ing in  different  places. 

Respectfully  submitted, 

F.  H.  CRAXDALL, 

R.  J.  THOMAS, 

GEO.  W.  BATCHELDER, 

ELBERT  WHEELER, 

Committee. 

DISCUSSIOX. 

The  President.  You  hear  the  report  of  the  committee;  it 
is  now  before  you  for  discussion.  We  should  like  to  hear  from 
Mr.  Chase. 

Mr.  John  C.  Chase.*  Mr.  President,  I  do  not  know  why  you 
should  single  me  out  as  the  first  to  be  called  upon,  unless  it  is 
because  I  was  in  such  a  woeful  minority  when  this  subject  was 
threshed  out  by  the  original  committee.  I  have  seen  no  reason 
to  change  the  views  that  I  expressed  then,  that  private  fixtures 
installed  by  the  consumer  for  additional  fire  protection  should 
not  be  subject  to  an  extra  charge,  as  he  was  already  paying  for 
protection  under  the  general  tax  levy,  and  his  outlay  W'as  a  benefit 
rather  than  a  detriment  to  the  w^ater  department,  the  most 
serious  problem  confronting  them  being  to  prevent  the  consumer 
from  committing  larcenv.  This  view,  however,  seems  to  be  a  dead 
issue,  and  from  what  I  have  heard  of  Mr.  Crandall's  report,  I 
think  perhaps  the  committee  have  solved  the  prolslem  in  the 
most  practicable  manner,  and  that  if  a  charge  for  private  fire 
service  is  to  be  levied,  as  the  prevailing  sentiment  seems  to  indicate 
it  should  \)e,  it  can  ])e  adjusted  in  no  more  equitable  manner  than 
that  which  the  committee  recommends.  I  think  the  committee, 
and  also  the  Association,  are  to  be  congratulated  upon  the  ap- 
parently successful  outcome  of  their  labors,  and  under  the  cir- 

*  Derry,  N.  H. 
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cumstances  it  is  perhaps  proper  that  I  should  be  the  one  to  now 
move  that  the  report  be  accepted  and  its  recommendations 
adopted.  I  do  not  knowthat  I  have  anything  further  to  say  in 
relation  to  the  matter,  except  to  thank  you  for  giving  me  the 
prominence  of  being  the  first  one  to  be  called  uiwn,  with  a  clear 
field  and  no  chance  of  any  one  else  having  said  Avhat  I  wanted  to 
say. 

The  President.  We  are  all  very  sorry  that  a  man  who  was  as 
much  interested  in  this  subject  as  any  man  in  Boston,  i\Ir.  Edward 
Atkinson,  has  passed  away  since  we  last  met.  I  will  call  upon  Mr. 
French  to  speak. 

Mr.  Edward  ^^  French.  J\Ir.  President,  I  did  not  expect  to 
be  called  on  in  this  way.  I  do  not  knoAv  that  there  is  much  that  I, 
or  perhaps  any  one  of  us,  can  say  with  regard  to  ^Ir.  Atkinson. 
We  all  knew  him,  we  all  have  seen  him  here  on  a  good  many  occa- 
sions and  have  been  interested  in  what  he  has  said,  and  we  were 
always  pleased  with  the  vigor  and  constantly  continuing  interest 
which  he  had  in  all  these  subjects. 

^Ir.  Atkinson  came  down  town  on  Monday  in  the  usual  way,  l^ut 
on  reaching  the  office  it  was  found  that  he  was  not  able  to  get 
out  of  his  carriage.  Although  every  effort  was  made  to  give  him 
help  immediately,  he  died  an  hour  or  two  afterwards,  just  after 
reaching  the  hospital.  iMr.  Atkinson  was  about  seventy-nine 
years  of  age,  and,  as  we  all  know,  lived  a  most  vigorous  and  ener- 
getic life,  always  working,  always  busy,  always  having  many 
interests.  I  think  it  is  an  inspiration  to  come  in  contact  with 
a  man,  whether  we  agree  with  what  he  thinks  and  with  what 
he  does  or  not,  who  is  so  thoroughly  alive,  and  especially  at 
Mr.  Atkinson's  age,  towards  all  the  important  problems  of  the 
day. 

The  President.     Mr.  Hammond. 

Mr.  J.  C.  Hammond,  Jr.*  Mr.  President,  I  am  glad  that  the 
mantle  of  Elijah  has  fallen  on  so  good  shoulders.  We  certainly 
have  a  very  able  Elisha  in  the  insurance  host. 

I  came  here  some  years  ago  trying  to  find  out  what  was  a  fair 
charge  for  fire  service,  in  view  of  the  greatly  increased  cost  for 
mains  over  and  above  the  necessaiy  cost  for  domestic  supply 

*  Treasurer,  Water  Company,  Rockville,  Coan. 
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alone.  I  simply  asked  what  Avould  be  a  fair  charge  for  the  fire 
service,  and  I  was  so  thoroughly  convinced  (?)  by  the  arguments 
I  heard  from  the  insurance  people  that  we  couldn't  charge  any- 
thing, that  I  went  home  and  said  to  our  livery  man,  "  Send  the 
team  over  to  the  office  every  morning;  if  we  use  it  we  will  pay  for 
it,  if  we  don't,  we  won't."     [Laughter.] 

The  President.     I  should  like  to  call  upon  ]Mr.  French. 

Mr.  French.  ^Ir.  President,  again  I  am  hardly  ready  to  say 
very  much.  I  think  Mr.  Hammond's  story  is  too  good  to  tr\'  to 
spoil  any  of  the  influence  of  it  right  away.  It  is  some  little  time 
since  we  have  given  this  question  of  charging,  for  water  ver}' 
much  attention.  In  the  last  few  years  our  efforts  have  been 
mainly  directed  toward  preventing  the  improper  use  of  w^ater. 
I  felt  after  the  experience  on  the  previous  committee  that  if  we 
could  put  the  fire  service  into  such  condition  that  it  would  be 
properly  used,  a  good  deal  of  our  present  difficulty  and  the  feeling 
of  suspicion  about  it  would  disappear. 

Now  this  question  of  charging  for  fire  service  is  a  difficult  one. 
It  brings  up  all  the  general  questions  of  methods  of  taxation,  and 
in  trying  to  go  into  it,  and  in  working  a  considerable  time  on  it  in 
connection  with  the  committee,  when  Mr.  Hammond  and  I  were 
together,  I  found  it  extremely  difficult  to  find  any  very  satisfactory 
method  of  charging.  To  go  back  a  bit,  I  have  not  really  had  an 
opportunity  to  consider  exactly  how  this  report  would  work  out, 
but  I  should  think  it  would  be  better  than  the  method  of  charging 
so  much  per  sprinkler  or  so  much  per  hydrant,  which  has  the 
effect  of  making  a  man  very  reluctant  to  add  a  sprinkler  here  or 
there  in  places  where  sprinklers  are  needed. 

One  other  point  is  that  in  the  case  of  almost  all  other  com- 
modities we  pay  for  what  we  get;  and  I  tried  to  work  out  some 
sort  of  a  plan  by  which  a  man  would  pay  so  much  per  fire  stream 
available  at  his  yard  ag  serviceable  pressure.  Now  on  the  basis  just 
proposed,  if  in  a  city  or  town  there  were  two  plants  of  the  same 
floor  area  and  abo|Ut  the  same  value,  and  one  of  them  was  in  one 
end  of  the  city,  perhaps  near  the  reservoir,  the  owner  might  be  able 
to  draw  eight, fire  streams  from  a  connection,  which  we  would  all 
be  willing  he  should  have,  into  his  yard.  The  other  manufacturer, 
at  the  other  end  of  the  town.  l)ut  just  as  much  within  the  limits  of 


DISCUSSION.  ■  21 

the  town,  perhaps  no  further  from  the  city  hall,  might  not  be  able 
to  get  more  than  three  or  four  streams,  on  account  of  the  fact  that 
he  was  farther  away  from' the  reservoir.  Now,  by  this  method  of 
charging,  you  charge  both  men  the  same,  while  one  man  would 
be  getting  twice  as  much  as  the  other. 

Of  course,  I  realize  that  all  these  things  are  matters  of  com- 
promise, that  we  have  got  to  strike  on  some  workable  scheme, 
but  it  isn't  exactly  fair  to  charge  on  that  basis,  when  a  man  doesn't 
get  what  he  pays  for,  so  to  speak.  Perhaps  there  is  no  better 
way  to  do  it  and  I  am  not  ready  to  criticise,  but  simply  want  to 
bring  out  all  sides  of  the  question. 

Another  point:  it  is  true  that  the  man  who  puts  in  private  pro- 
tection does  get  a  saving  in  the  cost  of  insurance.  He  gets  it 
by  spending  usually  from  three  to  five  per  cent,  of  the  value  of  his 
property,  in  putting  in  automatic  sprinklers,  fire  ]:)umps  and 
hydrants.  Now  that  man,  if  he  hadn't  put  in  that  private  equip- 
ment, would  clearly  have  been  entitled  to  the  use  of  the  entire  fire 
department  of  the  city.  If  his  plant  had  gotten  on  fire,  no  man 
would  have  thought  of  charging  him  anything  for  the  services  of 
the  fire  department.  I  know  I  have  said  this  l^efore,  but  it  may 
be  well  to  repeat  it.  If  he  puts  in  his  ]Hnvate  fire  protection  the 
chance  of  his  having  a  fire  which  will  necessitate  his  calling  upon 
the  public  de])artment  is  very  small.  Our  experience  shows  that 
in  90  per  cent,  of  the  cases  the  opening  of  five  or  ten  sprinklers 
puts  out  the  fire.  Those  fires,  had  they  been  allowed  to  go  on 
for  any  length  of  time,  would  undoubtedly  in  many  cases  have 
become  larger. 

(joing  further,  the  risk,  if  unprotected,  may  be  a  serious  menace 
to  surrounding  property.  I  think  nobody  questions  that  if  the 
building  in  which  the  Baltimore  fire  started  had  been  sprinklered 
it  would  not  have  burned  as  it  did,  and  the  Baltimore  conflagration 
would  not  have  occurred.  If  the  owner  or  occupant  of  that 
building  had  put  in  automatic  sprinklers  at  his  own  expense,  he 
would  have  saved  the  community  an  enormous  amount  of  money. 
And  the  one  point  that  I  want  to  make  clear  is  that  there  is  a  very 
distinct  gain  to  the  community  from  private  protection.  There 
is  a  gain  to  the  owner,  nobody  denies  that,  but  there  is  also  a  ver}' 
distinct  gain  to  the  community;  and,  perhaps,  if  we  look  at  it  in 
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all  its  lights,  we  will  realize  that  it  may  be  the  highest  type  of 
public  policy  to  encourage  private  fire  protection. 

I  should  say  that  if  the  water  for  fire  protection  of  a  city  were 
paid  for  by  the  general  tax  levy,  as  is  true  in  some  cases,  —  while 
in  other  cases  it  is  paid  for  simply  from  the  water  department's 
funds,  —  it  would  seem  that  any  taxpayer  had  the  same  right  over 
it  that  any  other  taxpayer  had,  and  that  the  better  facilities  he 
provided  at  his  own  expense  to  use  the  public  water  which  is  there 
for  this  purpose,  why,  really,  the  more  he  was  doing  for  the  com- 
mon good.  I  hope  then  that  we  will  not  lose  sight  of  the  fact 
that  a  great  advance  is  being  made  in  cutting  down  the  annual 
fire  loss  in  this  cotintry,  amounting  to  $150  000  000  on  the  average 
for  ten  years  past,  —  or,  if  not  cutting  it  down,  at  least  in  pre- 
venting it  growing  larger  as  our  country  grows,  —  by  the  use  of 
private  fire  protection.  This  certainly  is  the  case,  and  it  ought  to 
be  a  factor  in  any  action  taken  by  ])ublic  servants  looking  at  it 
from  the  point  of  good  citizenship. 

Mr.  Charles  W.  Sherman.*  ^Ir.  President,  if  the  force  of  all 
]Mr.  French's  arguments  is  granted,  and  they  certainly  have  a  great 
deal  of  force,  the  fact  nevertheless  remains  that  at  the  present  time 
the  cost  of  fire  protection  furnished  by  a  private  water  company 
is  not  at  all  borne  by  the  municipality,  excepting  in  so  far  as 
it  pays  hydrant  rental,  and  in  that  way,  as  a  rule,  no  portion 
of  the  cost  of  private  fire  protection  is  covered.  This  ciuestion 
W'as  first  raised,  at  least  in  this  association,  in  connection  with 
private  companies,  and  perhaps  its  most  important  bearing  at 
the  present  time  is  to  furnish  a  basis  for  private  companies  to 
make  such  a  charge,  more  so  than  in  the  case  of  municipally 
owned  plants;  and  in  that  direction  especially  the  report  of 
the  committee,  it  seems  to  me,  is  going  to  be  of  great  value.  I 
think  ^Ir.  French  will  concede  the  desirability  of  something  of 
that  sort  in  connection  with  private  companies,  even  though  his 
principle  that  in  equity  such  a  charge  ought  to  be  borne  by  the 
municipality  should  stand. 

Mr.  Charles  K.  Walker. f  The  other  day  a  man  said  that  he 
wanted  fire  protection  for  a  barn,  which  the.y  use  for  storing  cars 

*  Civil  Engineer,  Boston,  Mass. 

t  Superintendent  of  Water  Works,  Manchester,  N.  H. 
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in;  their  car  barn  had  burnt  up.  They  wanted  to  know  what  I 
would  do  about  it.  I  told  them  I  wouldn't  do  anj-thing  about  it 
if  I  could  have  n\v  say,  but  I  can't  have  my  say. 

Now  they  wanted  a  pipe  put  into  this  car  barn.  They  wanted 
a  6-inch  pipe  on  one  end  —  it  is  about  200  feet  long  —  and  they 
wanted  a  6-inch  pipe  on  the  other  end.  And  then,  by  the  way, 
they  wanted  a  pipe  to  another  car  barn  on  the  opposite  side  of  the 
street.  They  wanted  a  14-inch  pipe  tapped  and  two  6-inch  pipes 
on  one  side  and  one  6-inch  pipe  on  the  other  side;  and  there  was 
no  other  way  to  do  than  as  the  commissioners  told  me,  and  the 
commissioners  did  just  what  the  insurance  underwriters  told  them 
to  do.  The  result  was  that  we  put  those  pipes  in.  I  objected  to  it. 
We  don't  get  a  cent  out  of  it.  Perhaps  they  will  pay  for  the  con- 
nection, but  they  won't  pay  anything  for  supplying  water  to  these 
places.  I  say  it  is  all  wrong.  I  say  that  these  insurance  folks 
ask  too  much.  I  think  we  ought  to  have  compensation  for  fur- 
nishing water  to  these  places;  a  small  amount,  perhaps,  but  we 
ought  to  have  something  for  keeping  up  these  supplies:  and  I 
think  it  is  the  duty  of  every  city  to  charge  for  the  supply  of  these 
places  with  water  in  case  of  fire. 

Mr.  Hammond.  Right  in  that  line,  Mr.  President,  I  would 
say  that  we  have  two  8-inch  and  one  6-inch  connection  on  a 
10-inch  main,  as  fire  protection  for  a  manufacturing  plant.  Abra- 
ham Lincoln  used  to  tell  of  a  steamboat  on  the  Mississippi  with  a 
100  horse-power  engine  and  a  200  horse-power  whistle,  and  every 
time  they  blew  the  whistle  the  boat  sto])ped.  Now,  I  don't  think 
it  is  good  policy,  if  you  have  other  property  on  the  line,  to  jeopard- 
ize the  whole  thing  for  am  one  concern.  A  man  who  makes  tanks 
out  A^'est  sends  out  his  circidars  and  tells  his  customers  that  if  they 
will  bin/  a  tank  and  put  in  sprinklers  he  will  guarantee  that  they 
will  get  the  cost  back  in  five  years  in  the  saving  in  insurance. 
Now^,  I  think  there  are  two  sides  to  this  question.  The  insurance 
people  shouldn't  come  in  here  and  say  that  we  should  furnish 
free  water,  while  at  the  same  time  they  say  to  the  manufacturers, 
"  Our  companies  will  only  charge  you  a  quarter  of  one  per  cent, 
for  insurance  with  sprinklers,  which  >  ou  couldn't  get  in  the  stock 
companies  short  of  2^  "  Am  1  not  right?  Still  they  say  that 
there  should  be  no  charge  for  water  if   the   insured   don't  use 
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it.  It  is  tliere  for  them  to  use  if  they  want  to  use  it,  and  when 
they  })ay  for  their  insurance  they  pay  the  low  rate  because  it  is 
there. 

Mr.  Frank  C.  Kimball.*  I  remember  attending  a  convention 
of  this  association  in  September,  1902,  when  I  beheve  there  were 
three  reports  made  on  this  subject.  It  appeared  ver>'  conclusively 
at  that  meeting  and  by  those  reports  that  the  water-works  super- 
intendents and  the  underwriters  couldn't  lie  down  in  the  same  bed 
together. 

As  a  result  of  that  meeting  the  Private  Fire  Protection  Com- 
mittee, which  has  reported  to-day,  was  appointed.  Whether  it 
has  been  due  to  the  work  of  that  committee,  or  to  an  increased 
sentiment  along  these  lines,  or  to  some  other  good  reason,  I  am 
very  glad  to  note  to-day  that  Mr.  Crandall  again  reports  for  that 
committee,  stating  among  other  things  that  fire  protection  should 
be  paid  for,  and  Mr.  French  now  gets  up  and  says: "  Pay  for  what 
you  get."  In  other  words,  he  agrees  with  i\Ir.  Crandall  to-day, 
whereas  he  didn't  three  years  ago,  under  the  principle,  as  he  states 
it,  "  Pay  for  what  you  get."  Nobody  who  gets  fire  protection 
would  for  a  moment  say  that  he  is  not  getting  something. 

I  was  very  glad  also  to  note  last  September  that,  while  that 
portion  of  the  committee  of  1902,  of  which  Mr.  French  was  a 
member,  reported  against  metering  fire  connections,  IMr.  French 
bimself  gave  us  a  very  good  illustration  of  how  a  person  can  be 
converted  at  times  and  also  showed  us  the  results  of  his  con- 
version in  a  meter  which  I  for  one  am  free  to  say  comes  verv^  close 
to  filling  the  bill;  if  it  is  not  exactly  what  the  water-works  men 
themselves  are  after  it  is  so  near  it  that  a  company  I  am  interested 
in  is  going  to  try  one  of  them  and  see  how  it  works,  and  I  think 
before  we  get  through  we  shall  try  several. 

It  seems  to  me  that  this  question  now  has  got  beyond  any  dis- 
cussion. The  underwriters  agree  that  protection  from  petty 
larceny  or  grand  larceny  is  necessary  for  the  water  companies 
or  water  departments.  They  also  agree  that  something  should 
be  paid.  That  is  as  far,  I  think,  as  we  can  ask  them  to  go.  And  I 
think  that  they  will  agree  with  me  when  I  say  that  it  is  not  within 
their  province  to  say  what  that  something  shall  be.     Mr.  French 
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says,  "  Pay  for  what  you  get,"  and  that  a  price  which  woukl  \)e 
adequate  in  certain  parts  of  a  town  might  not  he  adeqiuite  in 
another  part.  Unfortunately  you  can  })ick  flaws  in  any  schechile 
or  ])lan  for  anything  that  may  be  offered.  It  may  also  be  unfor- 
tunate for  them,  although  perhaps  fortunate  for  the  ])ublic, 
that  water-works  superintendents  and  departments  are  to  some 
extent  controlled  b}'  the  courts,  which  say  that  you  shall  not 
discriminate.  They  do  not  look  at  these  points  quite  so  finely 
as  the  underwriters  do,  and  when  you  charge  a  man  in  one  part 
of  the  town  one  price  and  charge  a  man  in  another  ]:)art  of  the 
town  another  price,  they  say  that  is  discrimination. 

I  have  perhaps  giA'en  this  ciuestion  of  charges  for  fire  ])ro- 
tection  as  much  consideration  as  the  average  member  here, 
and  in  going  over  the  possible  methods  of  charging  for  ]3rotection, 
the  one  that  seems  to  me  to  he  open  to  the  least  objection  is  that  of 
charging  b}'  floor  space.  Floor  space  bears  some  relation  to  the 
value  of  the  property, —  the  larger  its  area  the  more  valuable.  It 
also  bears  a  distinct  relation  to  the  space  to  be  protected;  the 
larger  area  means,  to  some  considerable  extent,  larger  pipes. 
Now,  you  can  reason  this  thing  in  a  complete  circle.  Fire  pro- 
tection should  ])e  paid  for.  When  you  pay  for  fire  protection  you 
should  get  what  you  pay  for.  In  that  way,  ])aying  for  fire  pro- 
tection you  have  a  right  to  ask  for  that  protection.  You  are 
obliged  to  put  into  your  works  larger  pipes,  larger  pumps,  etc., 
and,  as  Mr.  French  said  a  few  moments  ago,  while  in  your  general 
tax  le\y  the  hydrants  along  the  public  streets  are  paid  for,  I 
think  he  will  say  that  hydrants  every  300,  400.  or  500  feet,  as 
they  usually  are  along  the  public  streets,  are  not  adequate  pro- 
tection to  his  mills,  thoroughly  equipped  with  sprinklers  and  yard 
hydrants,  where  in  a  space  of  500  feet,  perhaps,  he  would  require 
6,  8,  or  10  yard  hydrants  and  innumerable  sprinklers.  I  don't 
blame  him ;  I  would  if  I  were  in  his  place,  and  it  may  be  it  is  neces- 
sary for  the  proper  protection  of  the  property.  But  mains  which 
will  adequately  supply  hydrants  placed  every  300,  400,  or  500  feet 
apart,  are  not  adequate,  nor  will  the  underwriters  accejJt,  with 
their  minimum  insurance  rates,  the  same  sized  mains  for  the 
protection  of  their  mills,  supplied  as  above.  The  result  is  that  if 
you  are  going  to  furnish  such  mill  owners  with  proper  protection, 
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the  first  thing  the  water  department  has  to  do  is  to  reinforce  its 
mains,  either  by  inmning  a  larger  jnpe  along  the  street  or  bringing 
in  connecting  pipes  across  and  around  from  other  directions.  So 
I  think  the  argument  that  private  fire  protection  costs  nothing, 
or  that  it  only  costs  what  public  fire  protection  does,  was  settled 
—  it  certainly  was  in  my  mind  —  long  ago. 

Mr.  French.  Mr.  President,  if  1  may  take  a  minute  more, 
I  just  want  to  set  myself  right  on  one  or  two  points.  In  regard 
to  what  Mr.  llaminond  says.  I  think  it  wasn't  quite  fair  for  liim 
to  suggest  that  I  came  here  saying  that  there  should  be  no  charge 
made.  I  said  nothing  of  the  kind.  And  in  regard  to  what  Mr. 
Kimball  said,  I  would  make  a  slight  correction,  for  neither  did  I 
say  that  I  was  ready  to  agree  that  charges  should  be  made  in  all 
eases.  •  I  simply  said  that  I  hadn't  considered  the  matter  for  some 
little  time  in  detail,  and  I  only  tried  to  bring  out  a  few  additional 
points. 

I  realize  that  it  is  a  complicated  ([uestion.  I  realize  that  in 
some  ways  it  is  a  question  about  which  we  should  say  nothing, 
perhaps;  but  I  think  we  can  at  least  properly  bring  out  some 
points  on  the  other  side,  for  it  is  always  fair  to  show  np  both  sides 
of  a  cjuestion.  In  the  main  my  argument  would  be  that  whatever 
charge  is  made,  if  any  is  made,  should  be  ecpitable.  You  shouldn't 
single  out  the  few  men  whom  you  can  most  easily  find  and  charge 
them  for  fire  protection  because  they  have  spent  their  own  money 
for  apparatus  so  as  to  be  better  able  to  use  the  public  water  service, 
while  you  do  not  charge  other  people,  who  have  the  same  service 
standing  ready  for  them,  like  Mr.  Hammond's  hack  at  the  door, 
ready  for  them  to  use  whenever  they  want  it.  You  certainly 
should  not  charge  them,  I  will  put  it  in  this  way,  more  than  you 
charge  other  men  who  simply  depend  on  what  the  city  may  furnish 
them. 

Now  I  should  like  to  throw  out  one  other  thought.  Take  it  in 
Mr.  Hammond's  excellently  protected  town;  I  should  like  to  know 
who  pays  for  the  water  and  who  pays  for  the  service  which  is 
rendered  to  tlie  unprotected  property?  If  some  night  an  unpro- 
tected building  takes  fire  and  the  public  fire  department  throws 
twelve  streams  for  five  hours,  the  owner  certainly  has  the  use  of  the 
public  service  and  the  use  of  a  good  deal  of  water;  but  I. haven't 
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lieard  anybody  say  much  about  who  should  pay  for  that.  When 
the  water  works  are  owned  by  a  private  company,  we  all  agree  that 
the  company  should  be  paid  in  some  way.  When  the  supply  is 
merely  a  department  of  the  city,  having  its  own  books  and  its 
own  accounts  and  no  other  money,  then  it  is  perhaps  entirely 
proper  that  from  some  source,  say  the  general  tax  levy,  or  from 
the  fire  department  appropriation,  or  from  somewhere,  it  should 
get  some  return  for  the  somewhat  larger  pipes,  perhaps  larger 
pumps  and  larger  reservoir.  I  think  we  would  all  agree  that  fire 
service  increases  the  cost  of  the  public  water  works  in  many  places, 
especially  in  the  smaller  ones.  Now  somebody  ought  to  pay  for 
that,  but  not  sim])ly  the  few'  men  A\hom  we  are  singling  out  to-day. 

I  would  like  to  leave  the  matter  in  this  way:  That  my  own 
mind  is  open.  The  companies  with  which  I  am  connected  cer- 
tainly do  not  want  to  ask  anything  unreasonable.  I  do  not  come 
here  with  any  such  intention.  We  would  merely  like  to  present 
these  other  points  to  show  that  the  question  is  not  a  perfectly 
simple  one,  and  to  urge  that  whatever  is  done  shall  be  done  on  an 
equitable  basis  and  with  due  regard  to  all  the  factors  in  the  case, 
and  with  proper  encouragement  of  things  which  are  a  real  benefit 
to  the  community.  With  more  time  for  thought,  we  might  have 
something  more  definite  to  suggest,  but  that  is  our  position  to-da^^ 
It  is  simply  a  plea  for  fairness  and  a  plea  for  a  broad  view  of  the 
whole  situation. 

Mr.  Hammond.  It  is  said  that  early  impressions  are  lasting. 
Perhaps  my  words  didn't  convey  my  idea,  but  I  think  the  insur- 
ance men  have  been  coming  up  here  for  about  three  years.  In  the 
early  stages  of  this  discussion,  as  T  understood  from  Mr.  Atkinson, 
a  gentleman  whom  we  all  revered,  these  manufacturing  concerns 
were  a  part  and  parcel  of  us,  we  were  dependent  upon  them  en- 
tirely, and  we  should  protect  them  without  any  charge.  Now,  in 
my  town,  our  manufacturers  do  not  ask  for  that.  Wliat  started 
this  thing  with  me  three  years  ago  was  to  see  how  we  could  get  at  a 
fair  charge,  and  I  advocated  then,  as  I  advocate  now,  that  it 
should  be  on  the  basis  of  the  amount  of  insurance.  We  have  a 
concern  which  makes  envelopes,  where  several  thousand  feet  of 
floor  space  is  occupied  by  paper  boxes,  while  in  another  establish- 
ment, where  they  manufacture  silk,  almost  all  the  floor  sjDace  is 
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occupied  by  valuable  machinery.  It  isn't  fair  to  tax  them  ac- 
cording to  floor  space,  but  it  seems  to  me  it  is  fair  to  charge  them 
according  to  the  amount  of  insurance  carried,  for  the  saving  in 
insurance  is  something  wonderful.  One  of  the  most  beneficent 
things  of  the  age  is  the  development  of  fire  protection  appliances. 
Fires  occur  now  which  we  don't  know  anything  about  until  they 
are  extinguished,  and  it  is  a  grand  thing;  but  the  people  who 
furnish  the  water  should  have  some  compensation,  and  the  manu- 
facturers in  our  place  are  willing  to  pay  it.  The  simple  question 
is.  What  is  a  fair  basis  to  put  it  on?  Now,  what  is  fairer  than  to  say 
that  if  one  concern  carries  $100  000  insurance  it  shall  be  a  certain 
percentage  on  that,  while  another  concern,  having  more  valuable 
machinery  and  carrying  -$509  000  insurance  should  pay  on  that 
basis?  Tt  isn't  a  question  of  our  robbing  them  or  of  their  robbing 
us.  That  question  hasn't  been  raised.  But  when  we  ask  what  is 
a  fair  basis  to  put  it  on,  we  don't  like  to  be  told  that  they 
shouldn't  pa}'  anything. 

Mr.  Horace  G.  Holdex.*  At  our  New  York  meeting,  last 
September,  I  made  inquiries  among  the  members  to  find  out  if 
there  was  any  place  where  they  made  any  charge  for  fire  service, 
and  from  what  I  could  learn  there  wasn't  a  place  in  New  England 
where  any  charge  is  made.  I  talked  with  several  of  our  western 
members  and  found  that  through  the  West  in  many  places  they 
did  make  a  charge,  and  I  have  had  some  correspondence  since  in 
regard  to  the  charges.  Perhaps  it  will  be  interesting  if  1  read  to 
you  what  their  charges  are.  This  is  from  the  ofhce  of  the  Louis- 
ville Water  Company,  Louisville,  Ky.,  which  is  partly  a  private 
and  partly  a  public  company  —  I  think  the  citj^  owns  some  of  the 
stock. 

"  At  a  meeting  of  the  Board  of  Directors  of  the  Louisville  Water 
Coriipany,  held  December  23,'' 1898.  the  following  amended  rules 
and  rates  for  fire  protection  service  water  pipes  were  adopted,  viz.: 

"'1.  That  the  water  company  locate  and  place  all  special 
private  service  connections  for  fire  protection  and  automatic 
sprinkling  devices  from  street  mains  to  the  property  line  of 
property  owners  and  maintain  same  at  the  cost  of  the  compan}'. 

"  '  2.  That  the  annual  rates  for  such  special  private  fire  service 
connections,   payable   semi-annually,   subject   to   the  usual   dis- 

*  Su|jerintenrient  of  Water  Works,  Nashua,  N.  H. 
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counts  for  prompt  payment  to  water  consumers,  sliall  be  as  fol- 
lows, to  wit: 

l-inrh  oonnoctions     .    .    .    .  • $G.OO 

1^-ijich  connections S.OO 

l§-inch  connections 10. 00 

2-inch  connections IT). 00 

3-inch  connections 20.00 

4-inch  connections 30.00 

6-inch  connections 50.00 

"  '  If  the  above  rates  be  not  paid  under  the  rules  and  regulations 
of  the  company  governing  water  consumers  generally^  the  water 
supply  is  to  be  discontinued  until  payment  is  made. 

"  '  3.  Where  larger  private  special  fire  service  connections  (above 
six  inches)  are  desirecl,  the  rates  and  conditions  applicable  thereto 
shall  be  determined  by  the  water  company,  having  due  reference 
to  the  size  of  street  mains,  locality  and  surroundings,  the  cost 
necessary  to  the  company  in  the  premises,  and  the  current  expense 
of  maintenance. 

"  '  4.  Such  propert}'  owners  now  having  such  special  private  fire 
protection  or  automatic  sprinkler  service  connections,  and  have 
paid  the  water  company  the  first  or  original  cost  of  installation, 
the  same  to  be  refunded  by  the  company.'  " 

Here  is  a  resolution  of  the  Cleveland,  Ohio,  Board  of  Pubhc 
Service,  passed  July  28, 1905: 

"  '  [Vhereas,  the  water  department  is  subjected  to  considerable 
expense  in  the  inspection  of  fift  lines,  and 

"  '  Whereas,  the  street  mains  have  to  be  made  larger  than  other- 
wise to  keep  up  the  pressure  in  adjoining  buildings  when  a  large 
tap  for  fire  purposes  is  installed,  and 

"  '  Whereas,  the  department  makes  no  charge  for  the  use  of 
water  for  fire  purposes,  therefore  be  it 

"  'Resolved,  that  beginning  July  1,  the  following  charges  be 
made  every  six  months  for  fire  service,  and  shall  be  payable  in 
achance  like  other  water  charges: 

Semi-annual 
Size  i>f  Tap.  Charge. 

U-inch $5.00 

2-inch      7.00 

3-inch      10.00 

4-inch 12.50 

Two  4-inch 20.00 

6-inch      25.00 
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"  '  No  charge,  however,  shall  l)e  made  where  the  fire  line  is 
metered  at  the  expense  of  the  owner  except  the  semi-annual 
payment  of  $4.00  hitherto  reciuired  for  all  meters  over  f-inch. 

■' '  The  first  payments  shall  be  made  Jul}'  1,  for  the  three  months 
July  -  September  30,  pro  rata,  and  thereafter  Octoljer  1  and  April  1 , 
for  six  months  as  above. 

"'  Resolved,  further,  that  on  all  fire  lines  the  owner  of  the 
property  shall  deposit  with  the  water  department  a  full  drawing 
or  plan  of  said  fire  lines  satisfactory  to  the  department  within 
sixty  days  from  date.  Drawings  of  all  new  fire  lines  or  changes 
in  old  ones  shall  likewise  be  deposited  with  the  water  department 
within  sixty  days  after  said  new  lines  or  changes  have  been  in- 
stalled. No  alterations  in  fire  lines  shall  be  made  without  per- 
mission in  writing  in  advance  by  the  water  department.  Drip 
cocks  or  valves  intended  to  drain  the  fire  lines  shall  not  exceed 
J-inch  inside  diameter,  unless  with  the  consent  in  writing  of  the 
superintendent  of  the  water  department,  and  must  be  placed  at 
the  lowest  point  on  the  lines.  The  connection  shall  not  be  turned 
on  or  off,  save  by  the  city  water  department,  or  with  the  consent 
of  the  superintendent  of  said  water  department.  Failure  to  con- 
form to  this  resolution  shall  be  followed  by  shutting  off  the  water 
from  the  fire  lines  of  the  party  concerned.'  " 

That  seems  to  be  the  way  these  two  companies,  one  a  private 
company  and  the  other  a  public  department,  make  their  charges  for 
fire  service.  I  don't  know  Avhether  the  jieojile  in  our  New  England 
cities  would  stand  that  or  not. 

Mr.  Charles  N.  Taylor.*  Perhaps  I  might  add  a  little  in- 
formation along  this  line.  I  was  Ccl(led  upon  not  long  ago  to  act  as 
a  committee  of  one  to  fix  the  amount  to  be  charged  a  woolen  mill 
for  fire  protection.  I  Iniilt  the  works  two  years  ago,  and  the 
parties  who  owned  the  mill  were  large  stockholders  in  the  water 
works.  They  had  not  paid  anything  for  fire  protection,  and  the 
smaller  stockholders  naturally  began  to  o*l-iject.  They  had 
gotten  a  large  reduction  in  the  cost  of  their  insurance  on  account 
of  having  the  water,  and  tliey  finally  proposed,  perhaps  very 
unwisely,  to  leave  it  to  me  to  say,  as  a  disinterested  party,  how 
much  should  be  paid.  In  order  to  act  intelligently,  I  wrote  to  a 
good  many  different  people,  private  and  municipal  companies,  and 
finally  I  made  the  ]-ccommendation,  which  has  since  been  adopted, 
something  as  follows:  that  they  pay  so  much  per  sprinkler  head 

*  Civil  Enginper,  Welleslev,  Mass. 
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and  so  much  per  hydrant.  These  prices,  as  I  renieinher  them,  are 
$30  per  hydrant  per  year,  and  25  cents  per  sprinkler  head  per 
year  up  to  1  000  sjirinkler  heads,  l^eyontl  that  the  price  is 
reduced,  as  I  remember  it,  to  15  cents,  and  the  whole  amount  is 
computed  on  that  basis.  This  -seemed  to  be  satisfactory  after 
they  thought  it  over  and  figured  it  up,  and  I  believe  it  was  acknowl- 
edged that,  though  they  thought  the  price  was  high,  they  were 
saving  considerably  more  than  that  in  what  it  cost  them  for 
insurance. 

In  another  place  I  have  been  obliged  to  deal  with  pulp  mills  of 
the  International  Pulp  Company.  The  mains  at  Orono  pass  the 
mills,  and  we  were  several  months  deciding  on  what  would  be  a 
fair  price.  They  conceded  that  they  wanted  the  water,  they 
needed  it,  and  we  had  no  doubt  that  we  wanted  to  sell  it  to  them. 
I  finally  said  for  the  company  that  they  could  ha\'e  the  water  for 
$150  a  year  for  their  pulp  plant,  but  this  they  said  was  more  than 
they  could  afford  to  pay.  As  time  went  on,  however,  I  presume 
the  insurance  people  assisted  me  somewhat  in  getting  them  to 
come  to  my  terms,  for  they  finally  said.  All  right.  Another  pulp 
mill  in  the  same  town  pays  us  $350  a  year  for  water  for  fire  pro- 
tection.    For  other  purposes  they  pay  the  regular  rates. 

In  the  town  of  Strong,  Me.,  is  located  a  little  toothpick  mill, 
which,  by  the  way,  is  the  largest  toothpick  mill  in  the  country,  and 
that  isn't  saying  very  mucli,  and  they  pa}'  $300  a  year  for  water 
for  fire  protection  and  for  use  for  their  boiler.  These  instances 
are  all  I  have  in  mind,  but  they  are  actual  amounts  which  are  paid 
in  different  places  and  may  be  of  some  assistance. 

Mr.  R.  C.  p.  Coggeshall.  I  should  like  to  see  Mr.  French's 
meter  tried  somewhere  on  one  of  these  large  supplies,  for  I  have 
an  impression  that  if  it  works  as  it  bids  fair  to  work,  the  revenue 
from  the  aggregate  of  the  small  leaks  inside  of  one  of  these  large 
enclosures  where  they  have  pipes  by  the  mile,  would,  in  the  course 
of  the  year,  be  a  considerable  amount,  and  perhaps  we  wouldn't 
need  to  get  paid  for  any  more  than  what  the  meter  registers. 

Mr.  George  H.  Snell.*  I  haven't  heard  the  entire  discus- 
sion, ^Ir.  President,  but  I  have  been  interested  in  this  subject  for 
a  number  of  years,  and  I  think  it  is  one  which  should  be  fully 

*  Superintendent  of  Water  Works,  Attleboro,  Mass. 
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discussed  before  we  decide  to  make  a  charge.  The  gentleman 
who  was  speaking  as  I  came  in  made  a  remark  about  how  mam' 
fires  were  put  out  which  we  didn't  know  anything  about  until 
afterwards.  If  it  is  a  pi'ivate  water  company,  of  course  they  are 
saving  money,  or  if  the  works  are  owned  by  the  town  or  city  they 
are  saving  money,  by  having  those  fires  put  out  with  a  few  gallons 
of  water,  whereas  if  tiiey  iiadn't  been  thus  put  out,  it  might  have 
taken  several  million  gallons  of  water.  It  is  very  hard  to  draw 
the  line  as  to  what  we  should  do  in  the  matter.  If  a  town  can 
afford  fire  protection  to  the  people,  wouldn't  they  be  better  off 
to  furnish  it  and  take  the  chances,  and  let  them  have  the  benefit 
of  the  low  rate  of  insurance,  rather  than  to  charge  them  and  run 
the  risk  that  they  will  go  to  some  other  town  where  protection 
would  be  furnished  for  nothing?  That  is  another  thing  to  be 
considered. 

I  should  say  that  if  there  was  some  way  so  that  we  could  be 
sure  that  the  water  was  not  being  wasted  or  misused  in  these 
buildings,  if  we  could  get  to  the  point  where  we  were  sure  the 
water  wasn't  being  used  for  any  other  purpose  than  for  fire,  and 
the  leaks  were  taken  care  of,  I  believe  that  would  be  the  best 
solution  of  the  question.  The  only  fault  I  find  on  my  works  is 
with  their  opening  the  hAxlrants.  They  do  it  because  they  have  a 
Stilson  wrench,  and  they  want  to  wet  dowm  ashes  or  something, 
and  they  use  the  water  because  they  get  in  the  habit  of  it.  The}' 
don't  do  it  by  orders  from  the  firm  or  the  owners.  If  the  hy- 
drants are  sealed,  as  I  believe  Mr.  Coggeshall  has  all  of  his  in 
New  Bedford,  and  then  we  have  some  penalty  for  breaking  the 
seal,  I  think  that  would  remedy  a  part  of  the  troul)le,  and  thereby 
eliminate  the  misuse  of  water  in  this  way. 

Mr.  Fr.\nk  L.  Fuller.*  In  our  town  we  charge  SlO  for  each 
private  hydrant.  There  are  not  many  of  them,  but  those  who 
have  to  pay  the  bills  haven't  made  much  opposition.  It  has 
always  seemed  to  me  that  it  wasn't  more  than  fair  or  right  to 
make  some  such  charge.  Our  system  has  cost  a  good  deal  of 
inoney,  largely  because  it  has  been  built  sufficiently  large  to 
provide  this  very  fire  protection  which  these  people  demand, 
and,  therefore,  it  has  always  seemed   to  me   no  more  than  fair 

♦Civil  Engineer,  Boston,  and  member  of  Water  Board,  Wellesley,  Mass. 
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that  there  should  be  some  reasonal)lc  charge  for  jjrivate 
hydrants. 

Mr.  Snell.  There  is  just  one  point  more  that  I  should  like  to 
mention.  About  two  years  ago  we  decided  that  we  would  lay 
all  underground  pipe,  and  set  all  private  fire  hydrants  at  the 
expense  of  the  owners,  so  as  to  have  it  uniform  with  our  own 
system,  and  in  order  to  protect  ourselves  from  leaks.  I  think  that 
is  something  wdiicli  every  w^ater  department  should  look  into 
carefully,  for  the  work  done  by  contract  is  sometimes  not  accept- 
able to  the  town,  and  it  costs  the  town  nearly  as  much  to  inspect 
the  work  as  to  do  it  themselves  in  some  cases, —  so  we  have  found, 
at  least.  We  do  all  the  outside  work  which  is  done  for  private 
fire  protection,  and  we  find  this  to  be  a  great  benefit  to  the  depart- 
ment. 

(Mr.  Chase's  motion  was  put  and  adopted.) 


34  ELECTROLYSIS. 


ELECTROLYSIS. 

TOPICAL    DISCUSSION. 
[Denemher  13,  1905.] 

Mr.  Edwin  C.  Brooks.*  I  have  been  requested  to  open  the 
discussion  on  the  subject  of  "  Electrolysis,"  as  we  have  had  con- 
siderable trouble  in  Cambridge  from  electrolytic  action.  Two 
yeai-s  ago  our  40-inch  steel  main  was  very  badly  affected;  we  dug 
up  about  800  feet  in  length  of  it  and  made  some  extensive  repairs. 
We  have  since  had  several  leaks  in  the  immediate  vicinity  of  the 
car  barns  on  Boylston  Street,  close  to  the  power  house.  Notwith- 
standing that  the  6-inch  pipe  that  you  see  before  you  (Plate  I, 
Figs.  1  and  2)  was  alongside  of  the  Metropolitan  48-inch  pipe, 
you  can  see  the  destructive  action  which  has  gone  on  there.  And 
I  should  like  to  call  the  attention  of  the  members  to  this  fact,  that 
that  pipe  has  been  in  the  shop  for  just  about  a  j^ear,  and  when  it 
was  taken  out  of  the  ground  and  wiped  off,  only  those  places  that 
are  eaten  out  showed  on  the  surface.  The  other  part  of  the  pipe 
looked  like  any  ordinary  pipe.  But  as  it  dried  out,  and  as  the 
rusting  took  place  between  the  graphite  —  if  that  is  a  proper  term 
to  use  —  and  the  iron,  it  forced  off  the  pieces  that  are  formed 
in  those  cavities,  and  you  will  notice,  if  you  examine  it,  that  that 
action  is  going  on  all  over  it  at  the  present  time. 

I  have  here  a  sample  that  came  off  from  the  pipe,  and  it  shows 
v^ery  plainly  the  action  which  takes  place,  viz.,  that  a  little  rust 
begins  to  form  upon  the  clear  iron  at  the  bottom  of  the  graphite, 
and  as  it  forms  it  forces  this  piece  out,  and,  as  I  say,  I  think  j^ou 
will  see  that  action  going  on  there  in  the  pipe. 

I  was  ver}'  much  struck,  on  seeing  photographs  of  some 
water  pipes  in  Dayton,  Ohio,  and,  I  think,  in  Providence,  R.  I.,, 
by  the  apparently  immense  holes  in  the  pipe,  and  I  could  not 
conceive  how  it  was  possible  that  those  holes  could  have  been 
so  large  when  the  pipe  was  taken  up.  You  will  see,  however, 
that  the  destructive  action  goes  on  until  there  is  a  mere  shell  of  iron 
between  the  inside  of  the  pipe  and  the  bottom  of  this  substance 

*  Superintendent  of  Water  Works,  Cambridge,  Mass. 
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Fig.  1.     Electrolysis  of  6-inch  Water  Tji'e  in  Cambridge, 
December  13,   1904. 


Fig,  2.     Same  Pipe  as  in  Fig.  1,  after  Exposure  to  the  Air 
FOR  A  Year. 
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that  the  electricity  forms,  and  that  when  the  pipe  gives  out  it 
gives  out  over  a  considerable  area,  making  quite  a  large  hole. 

You  will  see  near  one  end  of  this  pipe  which  is  before  you  two 
holes,  and  the}-  were  the  cause  of  our  taking  it  out.  Those  two 
holes  came  at  one  time,  and  it  took  a  plug  an  inch  or  more  in 
diameter  to  plug  each  one  of  them.  I  think  that  veiy  satisfac- 
torily explains  the  appearance  of  these  pipes  that  haA-e  l^een 
taken  out  in  various  places,  and  which  look  so  badly. 

Now,  as  I  say,  that  pipe  was  close  to  the  Metropolitan  48-inch 
main.  It  was  crossed  b}^  a  lot  of  car  tracks  going  into  the  stables 
of  the  Elevated  Road  on  Boylston  Street.  You  can  see  that,  not- 
withstanding its  close  proximity  to  that  48-inch  pipe,  it  still  was 
carrs'ing  quite  an  amount  of  current. 

We  have  considerable  trouble  with  supply  pipes  in  certain 
sections;  and  we  have  had  i^ipes  give  out  under  the  telephone  con- 
duits as  well  as  under  the  railroad  conduits.  It  does  not  seem  that 
we  are  immune  from  trouble  even  from  the  telephone  conduits. 

I  have  here  some  photographs  *  showing  the  condition  of  our 
40-inch  steel  main  as  it  was  found  two  years  ago,  and  also  the 
method  of  repairing  it.  During  the  past  year  we  have  had  no 
trouble  from  our  40-inch  main.  It  has  been  connected  with  the 
rails  at  one  point,  and  we  have  put  in  insulating  joints  at  other 
places  where  the  current  was  liable  to  go  on  to  the  pipe.  We  use 
the  joint  that  the  Metropolitan  engineers  have  devised,  that  is,  a 
flanged  joint  with  a  thick  rubber  gasket  between,  and  rubber 
insulation  on  the  bolts  by  which  the  flanges  are  bolted  together, 
and  also  under  the  heads  and  nuts  of  the  bolts. 

I  have  been  merely  called  upon  to  start  the  ball  rolling  here, 
and  I  would  like  to  have  you  gentlemen  who  are  interested  in  the 
subject  look  that  pipe  over  and  see  if  you  don't  think  that  it 
would  be  very  easy,  on  a  casual  inspection  of  the  pipe  in  the 
trench,  to  decide  that  there  was  no  electrolytic  action  at  all; 
whereas,  if  you  took  the  care  to  examine  it  carefully  with  a  pick 
or  sharp  point  of  any  kind,  A'OU  would  find  plenty  of  soft  places 
that  you  could  dig  out.  I  hope,  Mr.  President,  that  you  will  call 
upon  our  friend,  j\Ir.  Foss,  to  give  us  a  little  talk  on  this  subject, 
for  he  has-  looked  into  the  theoretical  part  of  it,  and  is  very  well 

*  Not  reproduced.  —  Ed. 
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acquainted  with  the  trouble  we  have  had  and  also  with  the 
troiil)le  that  has  been  experienced  generally  in  Boston  and  vicinity. 

The  President.     We  should  all  like  to  hear  from  Mr.  Foss.. 

Mu.  Wm.  E.  Foss.*  Mr.  President  and  gentlemen,  these  speci- 
mens that  Mr.  Brooks  has  thoughtfully  brought  here  for  our 
inspection  direct  our  attention  to  the  difficulty  of  detecting 
injury  to  cast-iron  pipes  from  electrolysis,  by  a  visual  inspection 
only.  It  is  usually  easy  to  see  the  effects  of  electrolysis  on  a  lead, 
steel,  or  wrought-iron  pipe  from  a  rather  careless  examination, 
but  the  injury  is  found  on  the  cast-iron  pipes  only  by  a  ver>"  care- 
ful examination  with  a  testing  hammer  or  a  knife.  If  the  pipe  is  of 
lead,  steel,  or  wrought  iron,  the  metal  is  usually  completely  eaten 
away,  leaving  a  visible  pit  or  hole,  but  if  of  cast  iron,  the  iron  is 
removed  without  destroying  the  form  of  the  pipe  which  remains 
perfect,  although  the  remaining  substance  is  a  soft  material,  like 
carbon,  which  can  be  easily  cut  with  a  knife  or  chipped  with  a 
testing  hammer. 

A  while  ago,  I  had  occasion  to  examine  a  4S-inch  pipe  line  for 
electrolytic  injury,  and  was  unexpectedly  detained  at  the  office 
until  after  the  workmen  had  completed  the  excavation.  As  I  did 
not  appear  at  the  appointed  time,  the  foreman  examined  the  pipe, 
and  telephoned  to  me,  reporting  that  he  had  looked  the  pipe  over 
very  carefully  and  found  it  as  good  as  new,  with  no  evidence  of  any 
injury.  He  was  directed  to  keep  the  excavation  open,  and  when  a 
careful  inspection  of  the  pipe  was  made  with  a  testing  hammer,  a 
large  number  of  deep  pits  were  found  in  it. 

An  interesting  feature  in  connection  with  electrolysis  is  that 
no  way  has  yet  been  discovered  to  entirely  prevent  the  action 
where  the  single  trolley  electric  railway  is  in  operation,  although 
investigations  of  the  process  have  been  made  during  the  past  ten 
or  fifteen  years. 

Fairly  good  results  have  been  obtained  by  bonding  telephone 
cable  sheaths  to  the  rails  or  return  wires,  to  protect  them.  A 
complete  knowledge  of  the  electrical  conditions  existing  at  the 
time  the  bonds  are  connected  is  necessan,'  in  order  to  properly 
locate  them,  and  continual  inspections  are  necessary  after  the}'  are 
connected,  to  detect  the  continually  occurring  changes  in  electrical 

*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass. 
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conditions  as  soon  as  they  take  place,  so  that  the  necessary  relo- 
cation of  the  bonds  may  be  made.  An  objection  to  this  method 
of  protection  is  that  it  causes  increased  action  on  the  other  struc- 
tures buried  near  the  cables.  An  example  of  the  damages  caused 
in  this  way  is  given  in  the  photograph,  Plate  II,  which  shows 
a  6-inch  hydrant  pipe  which  burst  while  the  hydrant  was  in  use 
during  the  fire  which  destroyed  the  Academy  of  Music  in  Chelsea, 
on  January  11,  1905.  This  break  was  due  to  the  disintegration 
of  the  iron  by  electrolysis  at  the  point  where  it  crossed  under 
a  telephone  cable  which  had  been  bonded  to  the  railway  return 
for  protection. 

After  bonding,  the  cable  is  actually  a  portion  of  the  street 
railway  return  s^'stem,  and,  on  account  of  being  buried  several 
feet  below  the  surface  in  the  damp  ground  near  other  structures, 
is  more  likely  to  cause  electrolysis  than  a  rail  located  on  the 
surface.  As  much  as  500  to  700  amperes  is  drained  from  the 
cables  over  some  of  the  bonds. 

Attempts  have  been  made  in  a  few  places  to  protect  the  water 
and  gas  pipes  from  electrolysis  by  bonding  them  to  the  rails,  but 
the  results  have  not  been  entirely  satisfactory.  In  two  cities 
where  the  pipes  were  bonded  to  the  rails  about  ten  years  ago,  the 
pipes  have  remained  positive  to  the  rails  in  some  districts,  the 
injury  to  service  pipes  has  continued,  and  it  has  recently  been 
necessary  to  employ  experts  to  investigate  the  electrical  condi- 
tions in  both  places.  In  one  of  the  cities,  some  of  the  bonds  were 
located  in  the  negative  districts  and  delivered  electricity  to  the 
pipes  instead  of  draining  off  that  already  in  the  pipes  as  intended. 
The  result  of  making  the  pipe  system  a  part  of  the  electric  rail- 
way return  system  has  been  to  cause  enormous  currents  to  flow 
over  some  of  the  pipes.  It  has  been  reported  that  over  3  000 
amperes  is  flowing  on  a  12-inch  gas  pipe  in  one  of  the  cities,  and 
that  the  pipe  is  perceptibly  warmed  by  the  current. 

It  is  a  much  more  difficult  problem  to  protect  a  pipe  system 
than  it  is  to  protect  a  telephone  system  by  bonding,  on  account  of 
its  interwoven  network  of  mains  and  services,  large  extent,  large 
surface  contact  with  the  earth,  and  uncertain  joint  resistances. 
To  attempt  to  protect  all  of  the  underground  structures  by  bonding 
would  necessitate  the  bonding  of  all  of  the  structures,  and  of  the 
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adjacent  parts  of  each  structure  together  at  many  points  and  the 
draining  of  the  entire  structure  to  the  railway  return  through  a 
booster.  That  is,  to  completely  protect  the  structures  by  this 
method,  each  structure  must  be  made  negative  to  every  other 
structure,  which  is  evidently  impossible.  The  nearest  we  could 
approach  to  this  condition  is  to  maintain  all  the  structures  at  the 
same  potential,  and  this  is  practically  impossible. 

Experiments  to  determine  the  effect  of  insulation  joints  are 
now  being  conducted  on  some  systems.  The  construction  of  two 
different  types  of  these  joints  is  shown  by  Figs.  1  and  2.  The 
joints  have  a  resistance  of  several  hundred  thousand  ohms 
when  tested  dry  on  blocking  in  the  air.  The  resistance  falls 
to  100  to  200  ohms  when  the  pipe  is  filled  with  water,  and 
falls  still  lower  to  only  a  few  ohms  when  laid  in  the  pipe-line 
in  the  ground.  What  we  term  the  resistance  of  the  joint  is, 
then,  the  resistance  of  the  shunt  around  the  joint  through  the 
ground.  The  effect  of  setting  the  joint  at,  say,  some  point  near 
the  middle  of  a  pipe-line  is  to  stop  the  direct  flow  of  electricity  on 
the  pipe  at  that  point,  and  to  produce  a  difference  of  potential 
across  the  joint  of  some  5  or  10  volts,  depending  on  circumstances. 
The  potential  of  the  section  of  the  pipe-line  on  the  positive  side  of 
the  joint  is  raised,  and  of  the  section  on  the  negative  side  is  lowered, 
as  a  result  of  the  operation.  The  electrical  conditions  on  the  two 
sections  into  which  the  pipe-line  is  divided  by  the  joint  become 
similar  to  those  of  the  original  line,  each  section  having  a  positive 
and  negative  portion.  The  efficiency  of  the  joint  for  decreasing 
electrolysis  depends  on  many  local  conditions,  such  as  the  numl^er 
used  and  character  of  the  ground  where  they  are  placed,  etc.  The 
result  of  setting  some  6  or  8  on  one  system  consisting  of  two  lines 
of  4S-inch  pipe,  each  about  S  miles  long,  has  been  to  reduce  the 
total  current  leaving  the  pipes  by  about  30  to  50  per  cent. 

The  insulation  joint  method,  hke  the  bonding  method,  is  liable 
to  produce  conditions  which  will  cause  increased  action  on  adjacent 
structures,  but  there  is  the  distinct  difference  between  the  two 
methods,  that  the  bonds  increase  the  currents  on  the  underground 
system  to  a  maximum,  while  the  insulation  joint  reduces  the 
currents  to  a  minimum. 

In    England,    the    government    authorities    liave    prevented 
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electrolysis  in  a  large  measure  by  regulations  which  provide  that 
the  maximum  difference  of  potential  between  any  two  points  on  a 
single-trolley  electric  railway  return  system  must  not  exceed  7 
volts,  and  that  the  railway  company  shall  keep  records  of  the 
maximum  difference  of  potential  and  report  to  the  authorities  at 
stated  intervals.  The  results  from  these  regulations  are  reported 
to  be  very  satisfactory,  and  undoubtedly  they  have  prevented  a 
large  amount  of  damage.  As  the  amount  of  electrolysis  in  any 
given  district  varies  directly  with  the  potential  differences  main- 
tained on  the  railway  return  system,  the  reduction  of  these  differ- 
ences to  a  minimum  should  be  the  first  step  to  take  to  reduce  the 
damage  which  is  being  done.  If  the  English  regulations  were 
applied  to  the  railway  systems  in  the  United  States,  the  amount  of 
damage  done  by  electrolysis  would  be  reduced  by  60  to  90  ]3er  cent. 

The  protection  of  pipe-lines  from  electrolysis  by  means  of 
insulating  coatings  has  been  tried  experimentally.  All  of  the 
coatings  applied  to  pipes  after  they  had  been  laid  in  the  ground 
have  failed  to  protect  the  pipes.  Asphalt,  tar  and  burlap,  electric 
tapes  and  cement  have  been  used  as  coatings.  Several  other 
insulating  coatings  applied  to  short  pieces  of  pipe  have  shown 
high  insulation  values  in  laboratory  tests,  but  we  have  not  yet 
obtained  any  reliable  data  regarding  their  practical  value. 

The  President.  We  should  like  to  hear  from  Mr.  (iould  on 
the  gas  companies'  experience. 

Mr.  John  A.  Gould.*  •  I  do  not  know  that  I  have  anything  new 
to  say  on  this  subject.  The  gas  pipes  never  were  so  badly  affected 
as  water  pipes,  although  we  have  had  some  trouble,  but  I  think 
less  at  the  present  time  than  we  used  to  have.  We  had  to  take 
out  one  cast-iron  main,  which  had  been  laid  five  or  six  years;  but 
that  was  some  seven  or  eight  years  ago,  and  I  think  that  is  the  last 
one  destroyed  by  electrolysis.  We  have  had  service  pipes  de- 
stroyed in  eighteen  months.  I  think  the  troubles  in  Boston  are 
decreasing.  We  never  have  had  so  much  trouble  here  as  they 
have  had  in  Cambridge,  and  less  trouble  with  gas  i)ipes  than  with 
water  pipes.  I  suppose  one  reason  is  that  we  make  a  good  many 
cement  joints,  which  make  a  poorer  conductor  than  lead,  and  then 
the  water  itself  in  the  water  pipes  is  a  good  conductor,  while  gas 

*  Engineer,  Boston  Consolidated  Gas  Company. 
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has  no  conductivity.  I  know  of  one  case  of  a  gas  main  which  has 
been  laid  with  insulating  joints,  parallel  with  a  trolley  line  where 
they  were  liable  to  be  troubled  by  the  return  current,  and  up  to  the 
present  time  there  has  been  no  trouble  that  I  have  heard  of.  This 
line  has  a  rubber  gasket  at  every  joint.  It  is  a  high-pressure  line 
requiring  special  care,  because  if  it  gave  out,  the  gas,  being  under 
10-pound  pressure,  would  create  considerable  disturbance.  I 
suppose'  that  there  will  really  be  no  final  solution  of  this  problem 
until  the  trolley  lines  use  the  alternating  current,  and  then  our 
troubles  in  this  direction  will  cease. 

Mr.  T.  C.  Gleasox.*  About  six  weeks  ago  I  took  out  some 
wrought-iron  pipe,  and  although  I  had  never  had  any  trouble 
with  electrolysis  so  far  as  I  knew,  the  pipe  looked  so  peculiar  that 
I  brought  a  specimen  of  it  down  here  to-day  thinking  that  there 
would  be  some  gentleman  present  who  could  inform  me  whether 
this  shows  electrolytic  action  or  not.  I  should  like  to  have  you. 
look  at  it  and  see  what  you  think  about  it.  (The  specimen  is 
passed  around  for  examination.) 

Mr.  R.  C.  p.  CoGGESHALL.f  Mr.  President,  in  our  city  we  have 
not  yet,  so  far  as  we  know,  had  any  serious  trouble  with  electroly- 
sis. Our  steel  force  main,  however,  which  leads  from  our  pumping 
station  1 1  miles  outside  of  the  city,  is  crossed  about  two  miles  below 
the  pumping  station  by  the  street  railway  line  that  runs  from 
Middle boro  to  New^  Bedford.  A  short  distance  below  the  pumping 
station  a  2-inch  service  pipe  taps  into  this,  force  main  and  leads  out 
into  the  road  crossing  ])eneath  the  tracks  of  the  trolley  line  where 
there  is  a  brook,  and  then  continues  to  the  engineer's  house.  At 
the  brook,  we  have  had  four  lines  of  pipe  completely  destroyed, 
and  Mr.  A.  A.  Knudson,  a  member  of  this  association,  has  been 
called  upon  two  or  three  times  to  investigate  the  trouble.  The  cur- 
rent apparently  passes  upon  the  pipe  at  the  place  where  the  track 
crosses  the  large  main  two  miles  below  the  pumping  station,  and 
returns  upon  the  force  main  and  the  2-inch  service  pipe  to  the 
brook  crossing,  where  it  leaves  the  pipe  and  returns  to  the  rails. 

'About   a  year  ago  a  young  man  named  Cecil  T.  AVilkinson, 
who  is  connected  with  the  General  Electric  Works  at  Schenectad}', 

*  Superintendent  of  Water  Works,  W^are,  Mass. 

t  Superintendent  of  Water  Works,  New  Bedford,  Mass. 
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passed  his  A^acation  with  us,  and  the  subject  of  electrolysis 
coming  up,  he  was  at  once  interested.  He  said  he  had  made  it  the 
subject  of  a  good  deal  of  study  in  England,  and  he  was  very  much 
interested  in  Mr.  Brooks's  Cambridge  report,  a  copy  of  which  I 
obtained  for  him.  Last  summer  he  passed  his  V^acation  with  us, 
and  of  his  own  volition  took  the  instruments  and  went  out  and 
made  an  examination.  One  little  suggestion  he  made  may  be  of 
interest.  I  don't  know  how  much  value  there  is  in  it,  but  he  told 
me  the  same  thing  that  Mr.  Foss  has  told  us,  that  they  had  taken 
care  of  this  trouble  a  good  deal  better  in  England  than  they  ap- 
peared to  have  done  in  this  country.  Speaking  of  this  pipe  he 
says : 

''  Another  alternative,  perhaps  less  expensive,  which  I  have 
carefully  discussed  with  our  railroad  engineers  "  —  that  is,  the 
engineers  at  the  General  Electric  Company  —  "  would  be  to  put 
the  2-inch  service  pipe  now  installed  in  a  wooden  trough  containing 
unslacked  lime,  this  trough  to  run  about  50  feet  south  of  the  point 
where  the  rails  pass  over  the  pipe  and  about  150  feet  north  of  tliat 
point,  or  200  feet  in  all." 

Then  in  a  later  letter  he  says: 

"  With  regard  to  the  discussion  of  this  subject  at  the  meeting  of 
the  New  England  Water  Works  Association,  if  the  opportunity 
occurs  for  you  to  mention  the  use  of  lime,  I  would  be  very  glad  to 
have  you  do  so. 

''  When  tar,  or  paint,  or  cement  of  like  nature  is  used  as  a  coating 
for  water  pipes  to  protect  them  against  the  electrolytic  action, 
there  almost  invariably  occurs  the  formation  of  pockets  in  which 
the  saline  matter  of  the  soil  collects,  causing  very  vigorous  action 
at  certain  points.  The  complete  success  we  have  had  on  a  small 
scale  and  under  suitable  conditions  with  unslacked  lime  is  not 
remarkable  when  you  consider  that  it  is  theoretically  the  abso- 
lutely correct  thing  to  use.  Electrolytic  action  is  due  only  and 
entirely  to  the  sulphides,  chlorides  and  nitrates  dissolved  in  the 
soil,  and  when  the  water  from  a  rainstorm  percolates  through  the 
earth,  it  carries  down  on  to  the  surface  of  the  iron  pipe  all  these  acid 
salts  in  solution.  If,  therefore,  before  reaching  the  pipe  it  passes 
through  a  layer  of  a  few  inches  of  lime,  all  these  salts  are  neutral- 
ized and  no  action  whatever  occurs.     We  have  even  found  the 
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surface  of  the  pipe  entirely  free  from  all  traces  of  pitting  when 
other  metal  unprotected  in  this  way  has  been  completely  pierced 
with  holes.  If  any  member  of  your  association  wishes  to  try  this 
scheme  I  shall  be  very  glad  to  hear  how  he  succeeds. 

"  To  be  perfectly  frank,  I  do  not  at  the  present  know  definitely 
why  it  is  better  to  use  the  lime  unslacked  when  first  put  on  to  the 
pipe,  but  undoubtedly  better  results  are  achieved  in  that  way." 

The  President.  I  am  told,  Mr.  French,  that  you  have  had 
some  trouble  with  electrolysis. 

Mr,  a.  N.  French.*  I  don't  think  I  can  add  anything  to  what 
has  already  been  said,  Mr.  President.  We  have  had  some  little 
trouble  on  our  service  pipes,  but  nothing  very  serious  on  our 
mains,  and  we  are  learning  something  every  day.  We  have  had 
one  case  of  electrolysis  under  a  steam  railroad  which  seemed  a 
little  peculiar. 

Mr.  Horace  G.  Holden.I  I  should  hke  to  inquire,  Mr. 
President,  whether  any  water  departments  or  water  companies 
have  ever  received  any  payment  of  damages  from  the  trolley  com- 
panies on  account  of  electrolysis.  It  seems  hard  if  the  water 
company  has  to  stand  all  the  loss. 

Mr.  Coggeshall.  I  will  say  that  in  our  case  the  Old  Colony 
Railway  Company,  which  has  been  the  source  of  our  trouble,  has 
been  paying  the  bills  for  repairs. 

An  interesting  point  that  has  come  up  in  our  town  has  been  in 
connection  with  the  electric  road  itself.  Its  power  plant  is 
located  on  the  water  front  and  it  draws  the  condensing  water 
from  the  river  and  delivers  it  into  the  river,  and  one  of  the 
pumps  has  been  completely  destroyed  by  the  return  current  which 
came  from  the  river  into  the  hot-air  pump. 

The  President.  The  electric  roads  themselves  have  started 
to  look  out  for  their  rails  by  going  over  their  entire  track  with  a 
car  provided  with  apparatus  which  will  give  them  a  definite  spot 
where  the  current  leaves  the  rails;  and  when  that  is  done,  if  they 
will  take  care  of  it  and  remedy  the  trouble  at  those  points,  we  are 
going  to  get  rid  of  a  good  deal  of  our  difficulty.  I  tried  to  get  a 
representative  of  the  railroad  company  to  come  here  to-day  and 

*  Superintendent  of  Water  Works,  Hyde  Park,  Mass. 
t  Superintendent  of  Water  Works,  Nashua,  N.  H. 
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explain  the  apparatus,  but  he  was  not  able  to  come.  At  some 
future  time  if  we  can  have  him  here  I  think  it  woukl  jje  very  inter- 
esting.    Would  any  one  else  like  to  speak  on  this  subject? 

Mr.  Brooks.  1  may  say,  Mr.  President,  that  I  have  found  that 
the  railroad  company  is  very  cautious  about  recognizing  the  word 
"  electrolysis."  It  is  willing  to  pay  in  some  cases  for  repairs  but 
it  doesn't  want  "  electrolysis  "  or  "  electrolytic  action  "  spoken  of 
in  the  bill.  We  can  call  it  by  any  other  name  we  like,  but  we 
steer  clear  of  that. 

Mr.  J.  C.  Hammond,  Jr.*  We  have  had  three  of  our  lead 
services  completely  honeycombed,  and  we  don't  know  what  else  to 
lay  it  to  except  electrolysis.  I  would  like  to  ask  if  any  one  has  had 
any  such  experience  as  that. 

Mr.  Brooks.  I  will  say,  in  answer  to  ^Ir.  Hammond,  that  when 
the  West  End  power  station  was  first  established  at  East  Cam- 
bridge the  city  tried  using  lead  services  down  there  and  found 
them  of  no  use  at  all.  They  went  more  rapidly  even  than  the  iron 
pipe,  and  so  the  idea  of  protecting  the  services  by  having  them  of 
lead  was  abandoned. 

Mr.  Edward  V.  French. f  Mr.  President,  isn't  it  a  fact  that 
whenever  a  current  gets  on  to  a  pipe,  even  if  3'ou  provide  a  proper 
means  for  it  to  get  on  and  a  proper  means  for  it  to  get  off, 
there  is  likely  to  be  a  good  deal  of  trouble  at  each  joint,  or  at  least 
at  the  joints  which  happen  to-  be  rather  poor  conductors,  because 
of  the  way  the  lead  or  oakum  happens  to  be  put  in? 

It  seems  to  me  that  this  is  an  exceedingly  important  question, 
involving,  if  the  trouble  goes  on,  the  expenditure  of  a  great  deal  of 
money  in  some  places  to  repair  the  damage  which  is  probably 
being  done,  especially  if  the  trouble  is  going  on  in  this  somewhat 
hidden  way  only  to  show  itself  unexpectedly  some  day.  I  was 
wondering  whether  the  study  of  the  subject  has  gone  far  enoiigh 
so  that  it  would  be  possible  for  the  association  or  a  committee  to 
make  some  definite  suggestions  for  the  detection  and  the  remedy 
of  the  danger.  Perhaps  in  the  large  cities  the  railway  companies 
are  watching  conditions  very  carefully,  and  I  do  not  know  exactly 
what  the  present  condition  of  the  whole  work  is,  but  it  occurs  to  me 

*  Treasurer,  Water  Company,  Rock\nlle,  Conn. 

t  Insjiector,  Associated  Factory  Mutual  Insurance  Companies,  Boston. 
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tliat  it  is  a  matter  of  so  much  importance  that  if  the  association 
could  suggest  some  standard  means  of  finding  the  trouble  and  some 
method  of  remedy,  it  would  be  a  distinct  gain  in  the  long  run. 
It  may  be  that  things  are  not  in  condition  so  that  this  can  be  done, 
but  the  idea  occurred  to  me  and  I  thought  it  was  worth  expressing. 

Mr.  George  E.  Winslow.  Mr.  President,  there  has  been  a 
good  deal  said  here  at  times  against  a  certain  kind  of  pipe  that  has 
caused  a  good  deal  of  trouble  in  other  wa3^s  than  from  electrolysis, 
namely,  the  old  cement-lined  pipe.  Hiram  Nevons,  while  super- 
intendent at  Cambridge,  at  one  time  said  that  a  cement  pipe  could 
be  made  which  would  be  the  best  pipe  in  the  world;  by  taking  the 
ordinary  cast-iron  pipe  that  is  used  at  the  present  time  and  lining 
it  with  cement  and  covering  it  with  cement.  I  think  so,  too. 
And,  furthermore,  —  I  am  talking  on  a  subject  that  I  am  not  very 
familiar  with,  and  perhaps  I  may  say  something  which  is  wrong, 
but  you  will  take  it  for  what  it  is  worth,  —  there  is  a  good  deal  of 
resistance  in  cement  to  the  flow  of  electricity,  how  much  I  don't 
know.  I  do  not  know,  however,  of  any  place  where  cement  pipe 
is  in  use  where  electrolysis  has  affected  the  mains.  I  know  also 
that  when  lightning  strikes  a  cement  pipe  and  breaks  it,  which  it 
sometimes  does,  the  break  is  generally  in  the  joint  where  the  end 
of  the  pipe  is  exposed  to  the  water.  The  question  has  been  in  my 
mind  ever  since  this  discussion  began  here  to-day  as  to  the  feasi- 
bility of  insulating  the  mains  by  -cement  and  thereby  perhaps 
getting  something  by  which  we  will  obviate  the  danger  of  elec- 
trolysis, or  will  stop  the  rusting  of  the  pipes  and  other  things  of  like 
nature,  as  a  cement  pipe  never  fills  up.  I  want  to  assure  you  that 
I  am  not  in  favor  of  cement-lined  pipe  as  ordinarily  made  of  thin 
sheet  iron  covered  inside  and  outside  with  cement,  and  I  certainly 
should  want  something  a  little  stronger  than  that.  I  merely 
speak  of  this  as  a  suggestion  in  the  way  of  insulation. 

Mr.  Foss.  I  think  that  Mr.  French's  experience  in  Hyde 
Park  will  be  of  some  interest.  Mr.  French  had  trouble  with  his 
service  pipes,  and  he  finally  boxed  one  of  them  in  a  wooden  box 
and  filled  it  up  with  cement,  and  a  year  or  so  afterwards  he  had  to 
go  and  relay  the  pipe,  so  that  the  cement  as  put  in  at  that  time 
certainly  did  not  stop  the  action.  Regarding  the  point  brought 
out  by  Mr.  Edward  V.  French,  I  think  that  with  the  improve- 
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ments  made  during  the  past  few  years  in  methods  of  investigating" 
electrolytic  troubles,  there  is  no  reason  why  we  cannot  locate 
any  action  that  is  going  on.  We  can  now  measure  the  current 
flowing  on  the  pipe  and  follow  it  down  to  where  it  is  leaving  the 
})ipe,  and,  in  general,  locate  the  bulk  of  the  damage.  We  cannot 
locate  every  point  where  damage  is  being  done,  but  we  can  obtain 
a  very  good  idea  of  the  total  damage,  and  the  location  of  it. 

Mr.  Foss  {by  letter).  l\Ir.  Gould  has  suggested  that  troubles 
from  electrolysis  would  cease  when  the  street  railways  adopted 
the  alternating  current  instead  of  the  direct  current.  This  is, 
perhaps,  a  natural  conclusion  from  the  alternations  of  polarity, 
but  does  not  seem  to  be  a  fact,  for,  as  shown  by  the  following 
quotations,  alternating  currents  apparentl}'  cause  nearly  as  much 
electrolytic  action  as  do  direct  currents. 

Dr.  Guglielmo  Mengarini  says,  in  The  Electrician  (London),  ^'ol. 
27,  p.  336,  July  24,  1891:' 

In  a  voltmeter  containing  acidulated  water,  or  a  saline  solution, 
the  quantity  of  the  electrolyte  decomposed  at  an  electrode  by  an 
alternating  current  (the  current  density  at  the  electrode  and  the 
number  of  alternations  remaining  constant)  increases  if  an  obvi- 
ous recombination  of  the  gases  at  the  other  electrode  takes  place. 
Owing  to  this  recombination,  a  direct  current  is  superimposed 
on  the  alternating  current,  modifying  its  character. 

In  this  way,  with  alternating  currents,  metallic  deposits  of 
copper,  silver,  nickel,  etc.,  quite  equal  to  those  produced  by 
direct  currents  can  be  obtained. 

During  electrolysis  by  alternating  currents,  the  electrodes  are 
vigorously  attacked  and  quickly  destroyed. 

Even  platinum,  gold,  and  iridium  become  covered  with  a 
powder  which  increases  until  it  finally  completely  destroys  the 
electrode. 

Abstract  from  "Alternating  Current  Electroh^sis,"  by  Prof. 
Ernest  Wilson,  in  The  Electrician  (London),  Vol.  48,  p.  1025, 
April  18,  1902: 

Experiment  with  pure  lead.  Electrodes  of  the  same  size  as  for 
previous  experiment  were  cut  from  a  sheet  of  pure  lead,  and  two 
electrolytic  cells  were  prepared  with  dilute  sulphuric  acid  as 
electrolvte.     In  each  case  the  current  had  about  the  same  densitv 
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of  0.024  amperes  per  square  centimeter  of  active  surface,  but  the 
freciuencies  were  92.5  and  21.5  respectively.  .  .  .  The  plates 
were  weighed  before  and  after  the  experiment.  It  will  be  seen 
from  the  table  that  the  total  diminution  in  weight,  which  was 
equally  distributed  between  the  two  plates  in  a  given  cell,  is  nearly 
twice  as  great  at  low  frequency  as  it  is  at  high  frequency.  A  test 
made  by  Mr.  Skelton,  in  the  Chemical  Department  at  King's 
College,  London,  shows  that  the  deposit  at  the  bottom  of  each 
cell  is  lead  sulphate.  ...  In  this  experiment,  the  ratio  of  the 
maximum  coulombs  at  92.5  and  21.5  periods  per  second  is  0.23, 
.  .  .  and  the  ratio  of  the  diminution  in  weight  0.54.  The  average 
watts  during  the  experiment  are  nearh'  the  same  in  each  case. 
These  results  indicate  that  frequency  plays  an  important  part  in 
the  reaction.*  Pieces  of  the  same  sheet  of  lead  immersed  in  a  por- 
tion of  the  same  electrolyte  are  only  slightly  discolored  in  the  same 
time,  so  that  it  is  the  electric  current  which  produces  the  effect. 

Average  frequency  in  periods  per  second  during  experi- 
ment        92.5  21.5 

Total  weight  of  the  two  plates  in  grams  before  experi- 
ment        801. 1G7  798.084 

Total    weight  of    the  two  plates  in  grams  after  experi- 
ment        784.667  767.884 

Total  loss  in  weight  in  grams 16.5  30.2 

Areaof  active  surface  of  each  plate  in  square  centimeters,  160  160 

Time  current  was  passing  through  each  cell  in  hours  .    .    .  15  15 

Distance  between  plates  in  centimeters 0.317  0.317 

Average  of  amperes  during  experiment 3.74  3.80 

Average   of   amperes   per   square   centimeter  of  active 

surface      0.0236  0.0236 

(From   Minutes     of    Proceedings   of    the    Institution    of    Civil 
Engineers,  Vol.  149,  1902.) 

Philip  Dawson  (p.  96)  said:  His  experience,  with  the  fairly 
low  frequencies  which  must  be  adopted  for  traction  with  alter- 
nating currents,  was  that  the  electrolytic  action  was  nearly  as 
bad  as  with  continuous  currents;  the  difference  was  that  with 
continuous  currents  the  resulting  damage  was  limited  to  an  area 
which  could  be  predetermined,  and  safeguarded  by  means  of 
additional  return  cables  or  negative  boosters;  whereas  with 
alternating  currents  the  area  was  not  limited,  and  the  damage 
was  likely  to  be  caused  over  the  whole  system. 

W.  H.  Massey  (p.  100)  said:  With  regard  to  alternating 
currents  and  electrolysis,  experiments  he  had  conducted  about 
four  years  ago  had  left  no  doubt  whatever  that,  provided  the 
frequency  was   low  enough   and   the   current   sufficiently   large. 

*  In  alternating  current  railway  work,  a  frequency  of  about  25  cycles  is  employed  at 
the  present  time.  —  Ed. 
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electrolytic  action  occurred  just  as  batUy,  or  was  even  worse, 
with  alternating  currents  than  with  continuous  currents. 

W.  H.  Molesivorth  (p.  101)  said:  The  electrolytic  action  of 
alternating  currents  of  low  frecjuency,  as  advocated  for  railways, 
was  as  serious  as  that  due  to  continuous  currents. 

W.  M.  Mordey  (p.  161)  said:  It  had  been  stated  that  alter- 
nating-current electrolysis  was  worse  than  continuous  current; 
as  a  matter  of  fact  it  did  not  seem  to  be  as  bad,  at  least,  with  such 
low-current  densities  as  were  likely  to  be  met  with  in  railway 
practice.  It  only  began  with  a  current  density  that  would  give 
enormous  deposition  with  continuous  currents.  In  the  experi- 
ments of  G.  Mengarini  on  the  electrolysis  of  liquids,*  it  had  been 
shown  that  until  a  density  of  four  amperes  per  sciuare  inch  was 
obtained  there  was  no  electrolysis  at  all.  With  continuous 
currents  there  would  be  large  volumes  of  gas  coming  off  with 
such  a  current  density  as  that. 

(From  Minutes  of  Proceedings  of  Institution  of  Civil  Engineers, 

Vol.^151,  1903.) 

A.  P.  Trotter  (pp.  96,  97),  in  discussion  on  Electric  Tramways, 
said :  He  had  felt  that  it  was  not  likely  alternating  currents  would 
be  free  from  corrosion;  and,  taking  two  pieces  of  lead  pipe,  one 
of  which  w\as  on  the  table,  he  had  buried  them  in  moist  earth  in 
a  box,  and  had  subjected  them  for  a  month  to  an  alternating 
current,  from  Deptford,  of  one  ampere.  The  two  pipes  had 
faced  each  other,  about  4  inches  apart.  A  thick  white  crust 
of  what  he  thought  w^as  carbonate  of  lead  had  formed.  It  was 
an  interesting  fact  that  the  patch  was  definitely  limited,  showing 
that  at  less  than  a  certain  current  density,  or  difference  of  poten- 
tial, no  corrosion  took  place.  He  had  used  lead  because,  the  electro- 
chemical equivalent  of  lead  being  higher,  the  product  of  the 
action  was  of  larger  amount  than  with  iron;  and  further,  it  was 
an  insoluble  white  crust  which  could  easily  be  seen.  Recently 
Mr.  Mordey,  in  reply  to  the  discussion  upon  his  paper,  had  sug- 
gesteclf  that  the  experiments  made  by  G.  Mengarini  showed  that 
alternating  currents  at  a  less  density  than  four  amperes  per  square 
inch  would  not  cause  corrosion  by  electrolytic  action.  He  had 
measured  the  area  of  the  pipe  affected,  and  had  found  it  to  be 
about  40  square  inches;  so  that  about  1-40  ampere  per  square 
inch  had  produced  the  effect  shown.     After  Mr.  Mordey's  remarks, 

*  The  Electrician,  Vol.  27,  pp.  304  and  334.  It  appears,  however,  from  this  paper 
that,  at  higher  densities  than  that  given  above,  the  action  on  the  electrodes  may  be  more 
destructive  than  with  continuous  currents;  e.  g.,  even  platinum  electrodes  may  be  acted 
on  and  destroyed.     See  also,  R.  Malagoli:   L'Eclairage  Electrique,  Vol.  13,  p.  255. 

t  Minutes  of  Proceedings  of  Inst.  Civil  Engineers,  Vol.  149,  p.  162. 
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he  had  thought  it  would  be  well  to  make  some  experiments  to 
ascertain  whether  there  was  a  critical  current  density  below  which 
no  corrosion  might  be  found.  He  had  already  tried  many  experi- 
ments on  lead  wire  in  the  Board  of  Trade  Laboratory  with 
continuous  current,  in  attempting  to  find  such  a  point;  but  he 
had  not  found  it.  In  his  experiments  he  had  not  used  clay  or 
gravel,  but  simply  ordinary  damp  soil.  Chemists,  he  believed, 
gave  the  name  "  humus  "  to  the  active  principle  of  soil  which  was 
supposed  to  attack  the  lead.  He  had  started  the  experiment  with 
alternating  current  at  83  periods  per  second,  and  with  the  current 
density  at  which  he  had  left  ofT  in  the  previous  experiment, 
namely,  1-40  ampere  per  sc^uare  inch.  Taking  four  lead  plates, 
each  -4  inches  square,  he  had  painted  them  with  varnish,  with  the 
exception  of  square  spaces  in  the  middle,  as  shown  by  the  follow- 
ing table: 


Un\'arkished  Portions  of  Surf.vces. 

Current-Density. 

Plate 
No. 

Front. 

Back. 

Ampere  per 
Square  Inch. 

Amperes  per 
Sq.  Meter. 

1 

2 
3 

4 

h  inch  X  i  inch 

2  inches  x  2  inches 

3  „      x3      „ 

4  „      x4       „ 

1  inch  X  1  inch             (  front  1-40    I    3S.7 

i  /  back  1-160         9.7 

2  inches  x  2  inches            1-640                 2.42 
4       „      x3       „                 1-1440               1.075 

4      „      x4      „                1-2560              0.605 

1 

By  the  end  of  a  month  a  thick  white  incrustation  of  lead  had 
formed  on  Nos.  1  and  2.  and  a  thinner  coating  on  the  larger  plates, 
the  corrosion  being  apparently  proportional  to  the  current  density. 
(The  speaker  exhibited  the  plates.)  With  continuous  current  the 
corrosion  woidd  ]5robably  have  been  about  double.  Such  experi- 
ments were  well  worthy  of  attention,  and  he  hoped  the  National 
Physical  Laboratory,  which  had  much  better  facilities  than  he 
had,  would  continue  them.  So  far  as  the  frequency  of  alternating 
currents  was  concerned,  he  would  imagine  that  the  lowv^r  the 
frequency,  the  greater  the  chance  of  corrosion.  He  supposed 
that  since  the  product  was  an  insoluble  salt  of  lead,  what  was 
produced  by  one  phase  was  not  decomposed  liy  the  other  phase. 
There  was  no  possibility  of  protection  in  alternating-current  work 
by  arranging  the  polarity  of  the  conductor,  as  there  was  in  con- 
tinuous-current work. 


SEDGWICK  AND  -WIXSLOAV.  51 


ON    THE    PRESENT    RELATIVE     RESPONSIBILITY    OF 

PUBLIC  WATER  SUPPLIES  AND  OTHER  FACTORS 

FOR  THE  CAUSATION  OF  TYPHOID  FEVER. 

BY    W.    T.    SEDGWICK    AND    C.-E.    A.   WINSLOW,    PROFESSORS    IN    THE 
MASSACHUSETTS    INSTITUTE    OF    TECHNOLOGY. 

[Read  November  9,  1905.} 

In  a  paper  read  before  this  Association  in  1901,  the  rise  and 
progress  of  water-supply  sanitation  in  the  nineteenth  century 
was  traced  with  some  care.  (Sedgwick,  1901.)  It  was  then 
shown  that  the  responsibility  of  public  water  supplies  as 
sources  of  typhoid  fever  was  first  made  conspicuous  by  the  epi- 
demics at  Lausen,  Switzerland,  in  1872  (Hagler,  1873),  and  at  Ca- 
terham,  England,  in  1879  (Thorne  Thorne,  1880).  In  this  country 
evidence  of  the  same  character  was  not  long  lacking;  for  in  1885 
the  thriving  mining  town  of  Plymouth,  Pa.,  suffered  one  of  the 
most  disastrous  water  epidemics  of  which  we  have  even  j^et  any 
■  record.  (Taylor,  1886.)  The  great  epidemics  at  Lowell  and  Law- 
rence in  1890-91  added  new  emphasis  to  the  previous  lessons 
(Sedgwick,  1893,  a) ;  but  nevertheless  a  majority  of  the  largest 
cities  of  the  United  States  have  continued  almost  up  to  the  present 
day  to  drink  water  more  or  less  infected  with  typhoid  fever.  In 
the  period  1898-1903,  there  were  nineteen  cities  in  the  X.^nited 
States  of  over  200  000  population.  Twelve  of  the  nineteen  were 
furnished  with  pulDlic  water  supplies  drawn  unpurified  from 
polluted  rivers  or  lakes.  The  typhoid  death-rates  in  these  cities 
per  100  000  population  were  as  follows  (Fuller,  Ferguson,  and 
Jeup,   1904) : 

Pittsburg 122 

Washington 06 

Louisville fiO 

Cleveland 51 

Philadelphia 51 

Cincinnati 45 

Minneapolis 42 
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Chicago 31 

St.  Louis 31 

Buffalo 29 

Detroit 18 

Milwaukee 18 

For  the   other    seven   cities   not    having    supphes    drawn   from 
grossly  polhited  sources,  the  corresponding  rates  were  as  follows: 

New  Orleans 49 

Baltimore 35 

San  Francisco 31 

Boston 26 

Jersey  City 22 

Newark 21 

New  York 19 

There  are  causes  other  than  the  public  water  supply  for  the  high 
typhoid  death-rates  in  New  Orleans  and  perhaps  in  Baltimore. 
Where  no  such  factors  are  operative  the  cities  with  reasonably 
pure  water  supplies  exhibit  t3'-phoid  rates  ranging  from  20  to  30; 
25  would  be  a  fair  average  figure  for  American  cities  of  this  class. 
The  excess  over  25  deaths  per  100  000  in  the  case  of  Pittsburg, 
Washington,  Louisville,  Philadelphia,  Cincinnati,  and  Minneapolis 
is  unquestionably  the  tax  paid  by  those  municipalities  for  their 
polluted  water  supplies.  In  the  first  five  cities  alone  this  needless 
waste  amounts  to  1  200  lives  per  annum. 

And  yet  great  progress  has  been  made  in  the  right  direction. 
The  replacement  of  water  derived  directly  from  polluted  streams, 
by  filtered  or  well-stored  supplies,  goes  on  with  increasing 
rapidity.  Jersey  City,  for  example,  where  the  typhoid  death-rate 
ranged  from  52  to  94  between  1890  and  1896,  in  the  latter  year 
abandoned  the  Passaic  River  at  a  point  where  it  was  heavily 
polluted  by  the  sewage  of  Paterson  and  Passaic,  with  the  result 
that  the  rates  for  the  four  years  immediately  succeeding  fell  to 
21,  36,  15,  and  21.  Albany  effected  an  equally  striking  reduction 
in  its  typhoid  death-rate  when  a  municipal  filter  was  introduced  in 
1899.  (Fuller.  Ferguson,  and  Jeup,  1904.)  Of  the  other  communi- 
ties mentioned  above,  Washington  and  Louisville  have  installed 
filtration  plants  within  the  present  year.  Philadelphia's  system 
is  partially  installed,  and  one  of  the  most  serious  indictments 
against  the  one-time  bosses  of  that  apparently  redeemed  city  is 
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the  charge  that  the  dckiy  in  the  completion  of  this  sanitary  worlc 
is  responsible  for  1  200  deaths  from  typhoid  fever.  Pittsburg 
and  Cincinnati,  too,  have  begun  the  construction  of  municipal  filter 
plants,  and  before  many  more  years  the  large  American  city 
which  drinks  the  unpurified  water  of  a  stream,  or  of  a  lake  with 
unprotected  watershed,  will  be  an  exception  and  an  anomaly. 

Of  special  interest  in  this  connection  are  the  statistics  of  the 
state  of  Massachusetts,  where  the  supervision  of  the  public  water 
supplies  has  been  more  thoroughly  carried  out  than  in  any 
other  American  commonwealth.  In  the  period  1886-90,  the 
typhoid  death-rate  for  Boston  was  39  per  100  000,  and  for  Newton, 
with  an  excellent  ground-water  supply,  was  40.  The  rate  for  all 
the  cities  of  the  state  taken  collectively  was  somewhat  higher 
(46),  and  the  two  large  cities  of  Lowell  and  Lawrence,  using 
the  polluted  water  of  the  Merrimac  River,  had  each  a  rate  of  112. 
As  later  events  showed,  two  thirds  of  the  typhoid  fever  in  Lowell 
and  Lawrence  was  caused  by  water,  and  this  excess,  of  course, 
materially  raised  the  rate  for  the  total  urban  population  of  the 
state. 

Between  1891  and  1895  the  unpurified  river-water  supplies  of 
Lowell  and  Lawrence  were  abandoned,  and  for  the  period  1896- 
1900  their  rates  fell  to  25  and  24  respectively.  In  at  least  one  of 
these  communities,  Lowell,  the  present  water  supply,  from  a 
series  of  driven  wells,  is  absolutely  protected  from  infection.  In 
Newton  with  a  rate  of  20  and  in  Woburn  with  a  rate  of  13,  the 
conditions  are  similar.  Gloucester,  Pittsfield,  and  North  Adams, 
with  rates  of  16,  25,  and  39  respectively,  possess  surface  supplies 
of  unexceptionable  quality  from  uninhabited  watersheds,  proba- 
bly as  free  from  pollution  as  such  waters  can  often  be. 

The  North  Adams  typhoid  rate  may  be  regarded  as  due  to  certain 
exceptional  conditions.  We  may,  however,  consider  the  other 
five  communities  as  typical  of  most  of  the  cities  of  the  state,  dif- 
fering only  in  the  fact  that  our  knowledge  of  the  purity  of  their 
water  supplies  is  more  certain  than  in  other  cases.  In  these  five 
cities  we  find  typhoid  rates  of  13,  16,  20,  25,  and  25.  We  are 
confident  that  these  rates  are  not  raised  by  pollution  of  the  public 
water  supplies  and  that  the  influence  of  private  well  water  upon 
them  is  negligible.     It  therefore  follows  that  typhoid  deaths  rang- 
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ing  from  15  to  25  per  100  000  are  due  in  these  cities  to  causes  other 
than  polluted  water;  and  it  is  probably  fair  to  assume  that  at 
present  in  similar  American  communities  about  this  amount  of 
typhoid  fever  may  be  expected  to  occur  without  its  intervention. 
When  we  find  that  the  typhoid  rate  for  the  whole  of  ^lassachusetts 
in  1896-1900  was  only  24.  in  1901  only  19,  and  in  1902  only  22,  it 
seems  evident  that  in  this  state  at  least  public  water  supplies  are 
not  factors  of  paramount  importance.  Eternal  vigilance  is,  of 
course,  the  only  price  of  freedom  from  water-borne  typhoid. 
Particularly  in  the  case  of  unfiltered  surface  supplies,  such  as  are 
common  in  New  England,  danger  must  always  be  recognized  as 
possible.  The  450  cases  of  typhoid  fever  at  New  Haven  in 
1901  (Smith,  1902)  were  caused  by  temporary  pollution  on  a 
watershed  c^uite  as  good  as  that  of  many  a  supply  in  Massachu- 
setts. So  great  is  the  danger  of  such  a  mishap  that  as  the  country 
becomes  more  densely  populated  it  must  eventually  be  recognized 
that  no  surface  water  is  safe  for  drinking  without  purification. 
Even  ^\ith  filtered  supplies  only  careful  and  constant  supervision 
will  insure  safety.  Witness  the  1  270  cases  of  typhoid  fever  at 
Butler,  Pa.,  in  1903,  due  to  almost  criminal  carelessness  in  the 
operation  of  the  filter  plant  of  the  local  water  company.  (Soper, 
1903.)  The  responsibility  which  rests  upon  water-works  offi- 
cials still  remains,  and  must  always  remain,  heavy;  but,  broadly 
speaking,  when  this  responsibility  is  well  discharged,  w^e  may  say 
with  confidence,  in  the  light  of  the  expert  knowledge  at  our 
disposal,  that  public  water  supplies  play  an  insignificant  part 
in  the  causation  of  typhoid  fever  in  New  England. 

It  must  also  be  remembered  that  our  requirements  as  to 
the  purity  of  our  supplies  have  all  along  been  steadily  rising 
and  that  a  far  higher  degree  of  purity  is  to-day  demanded,  and 
rightly  demanded,  in  water  supplies  than  was  formerly  expected  or 
possible.  The  extraordinary  demonstration  furnished  by  the 
experience  of  the  city  of  Lawrence  with  filtered  water,  in  which 
it  has  been  shown  by  Mr.  Hiram  F.  ]\Iills  and  by  Hazen  (Hazen, 
1905)  that  the  general  death-rate  has  been  reduced  much  more 
than  the  typhoid  death-rate,  can  only  mean  that  the  germs  of 
other  common  diseases  besides  typhoid  fever  are  carried  by  water, 
unless,  indeed,  it  turns  out  in  the  future,  as  is  possible,  that  the 
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vital  resistance  of  the  people  using  the  water  has  been  increased, 
as  the  purity  of  the  water  has  risen.  Either  alternative  is 
extremely  suggestive  for  water-works  officials,  and  opens  out 
inviting  fields  for  investigation  and  research. 

With  the  progress  of  sanitary  reform  the  relative  responsibility 
of  water  for  typhoid  fever  necessarily  decreases.  As  recently  as 
1902,  Mr.  M.  N.  Baker  wrote,  "  Not  only  is  typhoid  one  of  the 
leading  causes  of  death  in  America,  but  the  greater  part  of  it  is- 
conveyed,  directly  or  indirectly,  through  water."  (Baker,  1902.) 
This  is  still  true  in  Philadelphia  and  Pittsburg,  but  it  is  not  true 
to-day,  as  we  have  seen,  in  Massachusetts.  Meanwhile,  year  by 
year  the  relative  importance  of  what  we  may  call  the  residual 
typhoid  becomes  greater.  It  is  increasingly  necessary  that  the 
attention  of  sanitarians  should  be  directed  to  that  tax  of  15  to  25 
deaths  (which  means  150-250  cases)  per  100  000  population, 
which  tyi)hoid  fever  still  levies  on  communities  provided  with 
ever  so  pure  a  water  supply.  To  what  shall  we  attribute  this 
residuum  of  the  disease,  so  constantly  present  in  most  American 
cities? 

In  attacking  this  problem,  which  concerns  not  only  the  epidemi- 
ologist but  also  the  practical  water-works  official  who  desires  to 
know  just  how  far  the  water  supply  under  his  care  may  justly 
come  under  suspicion,  we  must  begin  by  remembering  that  the 
extension  of  an  infectious  disease  is  the  spread  of  a  microscopic 
parasite;  and  that  this  follows  much  the  same  course  as  the  dis- 
tribution of  any  higher  plant.  Wheat  comes  from  the  ear  and 
eventually  finds  its  way  to  a  favorable  soil  where  it  may  sprout. 
So  the  seed  of  typhoid  infection  originates  in  the  body  of  the 
typhoid  patient  and  germinates  in  the  intestinal  canal  of  a  sus- 
ceptible victim.  The  intermediate  steps  in  the  history  of  the 
wdieat  may  be  various.  The  wind,  or  a  bird,  the  hairy  coat  of 
an  animal,  or  the  hand  of  man,  may  carry  the  grain  from  the  place 
of  its  origin  to  the  new  soil  where  it  sprouts  and  multiplies. 
Equally  diverse  may  be  the  paths  by  which  the  typhoid  germ  is 
propagated  from  person  to  person.  Air,  earth,  water,  milk,  fruit, 
files,  soiled  clothing,  human  beings,  may  intervene;  or  the  transfer 
may  be  so  direct  as  to  require  no  intermediary  save  the  two 
individuals  chieflv  concerned. 
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The  more  we  stud}'^  the  prevalence  of  t3'phoid  fever,  the  more  it 
becomes  evident  that  its  spread  goes  on  in  two  ways.  The  first  is 
that  in  which  infection  is  distributed  by  a  single  common  medium 
to  a  large  number  of  persons  at  one  time.  This  is  characterized  by 
the  sickening  simultaneously,  or  at  least  within  a  period  of  a  fort- 
night, of  a  num])er  of  persons  who  have,  perhaps,  partaken  of 
some  common  article  of  food.  Such  an  explosive  outbreak  is 
what  the  public  generally  means  by  an  ei^idemic.  Sometimes,  on 
the  other  hand,  we  find  an  undue  prevalence  of  t3^phoid  fever 
without  such  coincidence  in  time  and,  therefore,  of  exciting  cause. 
An  excessive  number  of  cases  of  the  disease  occur  which  cannot 
be  connected  by  any  common  epidemiological  bond,  but  follow 
each  other  in  a  slow  succession  of  scattered  or  sporadic  cases,  or 
in  that  closer  association  as  to  locality  to  which  the  older  sani- 
tarians applied  the  word  "endemic."  As  this  word  is  outworn, 
because  by  custom  associated  with  the  idea  of  some  mj-sterious 
but  wholly  intangible  quality  inherent  in  a  definite  soil  or  region, 
the  term  prosodemic  has  been  suggested  by  one  of  us  for  this  form 
of  disease  "  which  progresses  gradually  from  person  to  person  by 
routes  which,  whether  direct  or  indirect,  are  often  different  for 
■each  individual  case,"  the  term  epidemic  being  restricted  to 
■"  that  special  case  in  which  circumstances  permit  the  transfer  of 
infection  to  a  large  number  of  persons  through  the  same  medium, 
and  at  approximately  the  same  time"  (Winslow,  1901). 

True  epidemic  typhoid,  in  the  sense  in  which  we  have  thus 
defined  the  word,  is  generally  easy  to  trace  back  to  its  exciting 
cause.  The  coincidence  of  cases  fixes  the  date  of  infection  with 
approximate  accuracy,  and  the  scope  of  inquiry  is  at  once  nar- 
rowed down  to  those  vehicles  of  infection  to  which  all  the  sufferers 
have  been  jointly  exposed.  Furthermore  there  are  compara- 
tively few  methods  by  which  typhoid  infection  is  likely  to  be 
transmitted  to  a  large  number  of  persons  at  the  same  time.  The 
vast  majority  of  recorded  epidemics  have  been  traced  with  rea- 
sonable certainty  to  one  of  three  vehicles,  water,  milk,  or  shell- 
fish.    Of  these  water  is  by  far  the  most  important. 

The  residual  typhoid  which  still  afflicts  American  cities  and 
large  towns,  even  after  they  have  acquired  good  water  sup- 
plies, is  undoubtedly  due  partly  to  occasional  epidemics  in  which 
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the  vehicle  is  some  material  other  than  water, — such  as  small 
milk  epidemics,  shell-fish  epidemics,  celery  epidemics,  and  tVie 
like,  — even  where  outbreaks  of  notable  size,  in  which  the  infection 
of  a  large  number  of  persons  can  be  traced  to  a  common  source, 
are  absent.  Outbreaks  due  to  milk,  although  considerable, 
account,  however,  for  but  an  insignificant  proportion  of  the  total 
and  constant  annual  mortality;  and  epidemics  distinctly  traced 
to  shell-fish  and  raw  vegetables  have  been  still  more  exceptional. 

Most  of  the  typhoid  cases  which  occur  to-day  in  Massachusetts 
and  in  other  communities  provided  with  reasonably  good  water 
supplies,  are  of  the  sort  we  have  designated  as  "  jDrosodemic." 
They  are  transmitted  from  person  to  person  by  routes  which  differ 
in  individual  cases.  The  methods  by  which  infection  spreads  are 
almost  infinite  in  number.  The  chain  begins  with  excreta  and 
ends  usually  with  food;  but  the  intermediate  links  may  be  few 
or  many.  The  fingers  of  unprofessional  attendants  upon  typhoid 
patients,  or  of  the  patients  themselves  during  the  early  stages  of 
the  disease,  and  flies,  which  so  often  pass  freely  from  infected 
privies  to  adjacent  larders,  suggest  themselves  as  ready  vehicles. 
Sometimes  the  route  is  so  direct  that  typhoid  fever,  imder  un- 
cleanly conditions,  becomes  for  all  practical  purposes  a  contagious 
disease.  Sometimes  it  is  so  roundabout  as  to  baffle  any  attempt 
to  trace  it. 

The  devious  and  obscure  course  of  prosodemic  typhoid  is  no 
new  discovery.  It  has  never  been  shown  more  clearly  than 
by  Dr.  William  Budd  in  his  famous  monograph  published  in 
1873.  (Budd,  1873.)  The  little  village  of  North  Tawton  in 
England  suffered  a  severe  outbreak  of  this  character  in  1839, 
over  eighty  cases  occurring  between  June  and  November  of  that 
year,  following  each  other  slowly,  several  members  of  a  family 
taking  the  disease  in  almost  every  house  in  which  it  appeared. 
Three  infected  persons  left  the  place  during  this  summer,  and  each 
one  formed  a  new  focus  for  the  spread  of  fever  in  a  region  hitherto 
free  from  it.  In  the  first  case  the  two  children  of  the  sufferer 
succumbed  to  the  infection;  in  the  second  case  a  friend  who  acted 
as  nurse  took  the  disease  and  in  turn  transmitted  it  to  his  two 
children  and  his  brother;  the  third  of  the  visitors  left  North 
Tawton  to  stay  with  a  brother  at  another  hamlet  seven  miles 
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away:  the  brother's  wife,  the  brother  himself,  two  farm  hands, 
a  friend  who  had  come  to  take  charge  of  the  house,  another  farm 
hand,  two  servants,  and  tlie  daughter  of  the  original  visitor  suc- 
cessively develoi)cd  typhoid  fever.  Evidence  of  the  direct  trans- 
mission of  the  disease  could  scarcely  be  more  conclusive. 

In  this  country  the  outbreak  at  Bondsville,  Mass.,  where  one 
hundred  cases  occurred  among  the  mill  operatives  in  the  summer 
of  1892  (:Sedgwick,  1893,  b),  and  that  of  Newport,  R.  I.,  in  1900, 
in  which  some  forty  cases,  apparently  caused  by  an  infected  well, 
were  followed  by  double  that  number  of  secondary  cases  (Winslow, 
1901),  furnish  more  recent  examples  of  the  same  phenomena.  In 
each  of  these  instances  the  slow  succession  of  cases  and  the  bond 
of  physical  association  between  the  victims  gave  evidence  of  the 
prosodemic  character  of  the  disease. 

There  can  be  little  doubt  that  the  emphasis  on  water  and  milk 
epidemics,  which  produce  a  striking  effect  upon  the  public  mind 
from  the  number  and  coincidence  of  the  resulting  cases,  has  led  to 
a  general  neglect  of  the  less  obvious  but  ec{ually  grave  danger 
involved  in  the  spread  of  prosodemic  typhoid.  Even  the  well-water 
theory  may  be  overworked,  for  long  ago  Dr.  Rolleston  remarked: 
"  And  I  would  add  that  certain  observations  which  I  made  recently 
in  a  fever  stricken  village  .  .  .  have  induced  me  to  think  that  of 
the  two  recognized  foci  for  infection  [in  tj^phoid  fever],  the  bespat- 
tered privy  and  the  contaminated  well,  the  former  may  be  the 
one  which  is  more  commonly  at  work."  (Rolleston,  1869.)  The 
doctrine  that  typhoid  fever  is  "  infectious  but  not  contagious  " 
has  slain  its  thousands.  In  dirty  surroundings,  typhoid  is  essen- 
tially a  contagious  disease.  Even  among  trained  attendants, 
with  all  the  advantages  of  a  hospital  environment,  the  number 
of  secondary  cases  of  typhoid  is  considerable.  Collie  has  recorded 
that  one  hundred  cases  occurred  in  the  stafT  of  the  Asylum  Board 
Hospitals  of  London  from  1892  to  1899.  (Collie,  1904.)  In  the 
unsanitary  conditions  which,  to  our  national  disgrace,  prevailed 
in  the  camps  of  our  volunteer  soldiery  during  the  Spanish  War. 
the  conditions  favorable  to  the  transmission  of  disease  reached 
a  maximum  and  furnished  a  striking  object  lesson  in  the  trans- 
mission of  prosodemic  typhoid.  (Reed,  Vaughan,  and  Shakespeare, 
1904.)     Of  107  973  officers  and  men  in  the  national  encampments 
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during  the  year  1S9S,  20  73S,  or  nearly  one  fifth,  developed  typhoid 
fever,  with  1  580  deaths.  The  disease  was  spread  in  a  series  of 
independent  company  outbreaks  affecting  over  00  per  cent  of 
the  volunteer  regiments  within  eight  weeks  of  their  assembly  in 
camj").  Infected  water  played  no  important  part.  Flies  undoubt- 
edly served  as  carriers  of  infection,  and  it  was  believed  that  the 
virus  was  disseminated  to  some  extent  in  the  form  of  dust.  The 
vast  majority  of  the  cases,  however,  were  caused  by  more  or  less 
direct  transfer  of  infected  material  under  unsanitary  conditions. 
Of  1  608  cases  which  were  studied  in  detail,  62  per  cent  were 
definitely  connected  in  place  and  time  with  earlier  cases.  The 
chief  factor  controlling  the  incidence  of  the  disease  v.-as  the  system 
used  for  the  disposal  of  excreta.  Thus,  in  the  Seventh  Army 
Corps,  the  First  Division,  with  a  water-carriage  system,  had  1  030 
cases  of  typhoid  fever;  the  Third  Division,  with  regidation  pits 
for  disposal,  had  1  292  cases;  the  Second,  with  the  thoroughly 
unsanitar}^  "'  tub  "  system,  had  2  693  cases.  This  history  of  typhoid 
in  the  army  is  simply  the  history,  on  an  intensive  scale,  of  all 
prosodemic  typhoid. 

One  of  the  most  interesting  features  of  the  "  residual  typhoid  " 
(not  due  to  i^plluted  water  supplies)  is  its  definite  seasonal  preva- 
lence. In  communities  provided  with  reasonably  pure  water 
supplies,  the  typhoid,  or  as  it  was  called  by  the  older  sanitarians, 
the  "fall  fever,"  follows  the  curve  of  seasonal  temperature  with 
extraordinary  regularity.  If  the  monthly  deaths  from  the  disease 
be  plotted  and  compared  with  the  monthly  temperature  it  will  be 
found  that  the  curves  are  almost  parallel,  the  typhoid  fever  rising 
with  the  temperature  after  about  two  months,  an  interval  repre- 
senting the  incubation  period  of  disease  and  the  time  which  elapses 
before  death.  Where  the  temperature  curve  is  acute,  that  of  the 
mortality  follows  it,  whereas  in  a  mild  climate,  the  distribution 
of  the  disease  is  more  even.  In  the  southern  hemisphere  both 
curves  are  reversed.  We  have  elsev.here  shown  that  these  pheno- 
mena are  so  constant  and  so  universal  as  to  suggest  in  the  strongest 
manner  a  direct  relation  between  temperature  and  typhoid  fever; 
and  our  theory  of  this  relation  is  as  follows: 

"  The  bacteriology  and  the  etiology  of  typhoid  fever  both 
indicate  that  its  causal  agents  cannot  be  abundant  in  the  environ- 
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ment  during  the  colder  seasons  of  the  year.  The  germs  of  the 
disease  are  carried  over  the  winter  in  the  bodies  of  a  few  patients 
and,  perhaps,  in  vaults  or  other  deposits  of  organic  matter  where 
they  are  protected  from  the  severity  of  the  season.  The  number 
of  persons  who  receive  infection  from  the  discharge  of  these  winter 
cases  will  depend,  other  things  being  equal,  upon  the  length  of 
time  for  which  the  bacteria  cast  in  the  discharges  into  the  environ- 
ment remain  alive  and  virulent.  The  length  of  the  j^eriod  during 
which  the  microbes  live  will  depend  largely  upon  the  general 
temperature;  as  the  season  grows  milder,  more  and  more  of  each 
crop  of  germs  sent  at  random  into  the  outer  world  will  survive 
long  enough  to  gain  entry  into  a  human  being  and  bear  fruit. 
The  process  will  be  cumulative.  Each  case  will  caiise  more 
secondary  cases;  and  each  of  the  latter  will  have  a  still  more 
extensive  opportunity  for  widespread  damage.  In  our  opinion 
the  most  reasonable  explanation  of  the  seasonal  variations  of 
typhoid  fever  is  a  direct  effect  of  temperature  upon  the  persist- 
ence in  nature  of  germs  which  proceed  from  previous  victims  of 
the  disease."     (Sedgwick  and  Winslow,  1902.) 

In  cities  having  polluted  water  supplies  there  was  an  interesting 
departure  from  the  normal  seasonal  distribution  of  typhoid.  We 
found  the  normal  maximum  in  September  or  October;  but  in  some 
cases  there  were  also  secondary  maxima  in  the  fall  and  spring  as 
shown  in  the  curves  for  Chicago.  These  high  death-rates  in  the 
cooler  months  were  at  first  puzzling,  and  such  instances  have 
obscured  the  usual  seasonal  variations  and  led  some  sanitarians 
to  deny  the  existence  of  any  relation  between  typhoid  fever  and 
temperature.  As  soon,  however,  as  it  appeared  that  curves  of 
this  type  were  associated  with  polluted  water  supplies,  their  signi- 
ficance became  clear.  The  fall  and  spring  epidemics  coincide 
with  the  fall  rains  and  the  spring  thaws,  which  wash  infecting 
material  from  vaults  on  the  banks,  or  through  storm  overflows, 
into  the  water  supplies,  carrying  it  fresh  and  virulent  to  the  con- 
sumers below.  A  seasonal  distribution  of  this  sort  appears  to 
be  characteristic  of  many  communities  drinking  from  unpro- 
tected surface  waters;  and  it  was  found  by  us  in  this  country  in 
Chicago,  Cincinnati,  Newark,  and  Philadelphia.  On  the  other 
hand  the  large  majority  of  cities,  including  Atlanta,  Baltimore, 
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Boston,  Charleston,  Denver,  Mobile,  Montreal,  New  Orleans,  New 
York,  St.  Paul,  San  Francisco,  and  the  District  of  Columbia 
showed  a  close  and  constant  relation  l)etween  the  temperature 
and  the  seasonal  prevalence  of  typhoid  fever. 

It  is  obvious  that  the  difficulties  of  tracing  the  path  by  which 
prosodemic  typhoid  spreads  in  the  individual  case  must  often  be 
insuperable.  In  a  crowded  community  there  are  so  many  possi- 
ble modes  of  transfer  in  each  separate  instance  that  it  is  generally 
impossible  to  demonstrate  the  chain  of  infection,  as  may  often  be 
done  in  an  epidemic  inflicted  on  a  number  of  persons  at  a  definite 
time  and  by  a  single  common  cause.  As  intermediate  vehicles  of 
the  disease,  we  may  have  soiled  clothing,  or  bedding,  or  the  wood- 
work of  privies,  water,  milk,  celery,  lettuce,  or  fruit.  Food, 
fingers,  and  flies  offer  an  alliterative  summary  of  the  most  common 
agents.  The  one  thing  upon  which  we  can  fix  our  attention  with 
certainty  is  the  common  point  of  departure.  Every  germ  of 
typhoid  fever,  whatever  its  subsequent  history,  originates  in  the 
body  of  a  typhoid  patient  and  leaves  it  in  the  excreta.  Every 
case  of  typhoid  fever  is  due  to  the  presence  of  excreta  on  food  or 
fingers,  or  in  some  other  place  where  excreta  should  not  be.  Filth 
is  the  fundamental  condition  for  the  spread  of  typhoid  fe^'er; 
cleanliness  the  universal  panacea  for  its  eradication. 

Exactly  how  much  responsibility  ought  to  be  assigned  to  each 
of  the  individual  factors  it  is  not  always  possible  to  say,  and  we 
need,  therefore,  to  be  particularly  careful  not  to  jump  too  hastily 
to  conclusions.  As  regards  flies,  for  example,  we  must  remember 
that  while  these  are  unquestionably  important  vehicles  in  the 
spread  of  typhoid  fever,  the  striking  fact  remains  that  the  time  of 
greatest  mortality  from  typhoid  fever  in  Massachusetts  is  not 
such  as  to  justif}',  offhand,  a  belief  that  flies  are  the  principal 
vehicle  of  that  disease  in  this  state;  for,  while  typhoid  mortality 
reaches  its  maximum  about  the  middle  of  September,  a  fact  which 
demonstrates  that  the  germs  are  received  by  the  inhabitants  in 
greatest  numbers  or  under  most  favorable  conditions  at  some  time 
in  August,  it  is  generally  believed  that  September  is  often,  if  not 
always,  the  worst  month  of  flies.  On  the  other  hand,  the  truth 
may  be,  of  course,  that  even  if  flies  are  more  numerous  in  Septem- 
ber they  are  less  active  than  in  August,  and  we  must  therefore 
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be  careful  not  to  dogmatize  on  either  side  without  sufhcient  evi- 
dence. One  fact  which  stands  out  with  especial  clearness  the 
longer  we  study  the  subject  is  that  in  spite  of  all  that  may  be,  and 
has  been,  said  to  the  contrary,  typhoid  fever  is  a  contagioiift  disease. 
Instead  of  saying,  as  is  often  said,  that  "  typhoid  fever  is  infec- 
tious, not  contagious,"  we  need  to  say  to-day  that  "  typhoid  fever 
is  both  infectious  and  contagious  ";  and.  doubtless,  it  is  in 
part  for  this  vei\y  reason  that  it  has  l)eeu  found  so  difficult  to 
exterminate. 

The  conclusion  of  the  whole  matter  is  perfectly  clear.  Dirt 
and  disease  go  generally  hand  in  hand,  and  the  importance  of  dis- 
infection as  near  as  possible  to  the  source  of  discharge  becomes 
more  and  more  obvious  every  day.  It  is  plainly  wasteful  as  Avell 
as  dangerous  to  allow  disease  germs  to  escape  from  their  original 
sources  of  supply  and  become  distributed  in  the  environment. 
Extraordinar}'-  pains  are  therefore  requisite  in  order  to  destroy 
their  dragon's  brood  at  the  veiy  outset,  and  we  cannot  help  feel- 
ing that  boards  of  health  are  here  often  remiss.  Too  often  boards 
of  health  content  themselves  with  routine  work;  too  often  the}^ 
are  more  careful  for  their  own  political  lives  than  for  the  lives  of 
the  people  whom  they  serve.  What  we  greatly  need  at  present 
in  many  of  our  cities  and  towns  is  greater  activity  and  aggressive- 
ness on  the  parts  of  boards  of  health,  especially  in  respect  to  sani- 
tation as  opposed  to  hygiene,  so  that  disinfection  shall  be  more 
carefully  done,  so  that  polluted  wells,  which  are  still  frequently  in 
evidence  in  many  of  our  thriving  towns  and  cities,  shall  be  closed 
up,  and  so  that  privy  vaults  and  other  primitive  methods  of  disposal 
of  excreta  which  are  unfortunately  too  characteristic  of  American 
cities  and  towns,  and  whose  disappearance  is  a  sure  index  of  effec- 
tive civilization,  shall  be  cleaned  up  and  done  away.  Meantime,  all 
good  citizens  should  uphold  boards  of  health  in  all  their  reason- 
able activities,  and  contribute  as  far  as  they  can  towards  that 
enlightened  public  spirit  which  shall  insist  upon  a  higher  standard 
of  cleanliness  in  all  our  cities  and  towns.  But  even  all  these  things 
are  not  enough.  We  greatly  need  an  extension  of  power  in  our 
state  sanitary  authorities  so  that  these  shall  be  not  merely  advisory 
and  judicial,  but  shall  have,  besides  the  power  and  duty  of 
investigating  and  reporting,  some  measure  of  control,  so  that  when 
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local  authorities  are  neglectful  or  powerless,  a  higher  authority  may 
step  in  and  protect  the  lives  and  health  of  the  people;  fen-  local 
carelessness,  neglect,  or  ig^iorance  may,  and  often  do,  entail  the 
widespread  injury  of  states  and  even  nations.  In  Massachusetts, 
for  example,  we  ought  to  have  some  system  of  district  sanitary  or 
public  health  inspectors,  and  some  system  of  centralized  author- 
it}'  similar  to  that  which  we  have  in  the  state  medical  examiner 
system,  a  system  a\  hich  has  replaced  with  so  much  advantage  the 
antiquated  "  coroner  "  system  of  former  days. 

This  is  an  old  story.  Yet  as  long  as  conditions  remain  luiim- 
proved  it  is  a  story  Avhich  must  again  and  again  be  repeated. 
The  authors  of  this  paper  presented  a  communication  bearing  a 
similar  title  before  the  American  Public  Health  Association  at  its 
Xew  Orleans  meeting  in  1902,  with  the  following  conclusions 
(Sedgwick  and  Winslow,  1903):  First,  that  in  the  state  of  Massa- 
chusetts and  in  some  of  the  larger  cities  of  the  United  States  the 
]iidjlic  water  supplies  are  now  relatively  unimportant  as  vehicles 
of  typhoid  fever. 

Second,  that  in  cities  having  pure  Avater  supplies  the  annual 
curve  of  typhoid  fever  mortality  closely  follows  that  of  annual 
temperature. 

Third,  that  in  urban  connniuiities  supplied  witli  pure  water 
there  still  remains  a  typhoid  fever  tax  of  from  15  to  25  deaths  per 
100  000  i)o])ulation.  (To  this  we  now  give  the  name  residual 
typhoid.) 

Fourth,  that  this  tax  is  due,  not  to  any  pecidiar  condition  of 
soil,  locality,  or  climate  ("endemic  "  factors),  but  to  incomplete 
disinfection  of  .  typhoid  excreta,  with  subsequent  infection  of 
A'arious  articles  of  food  and  drink.  These  factors,  when  acting 
upon  a  few  or  many  persons  at  one  time,  may  cause  obvious 
epidemics,  sometimes  large,  through  generally  small;  but  more 
often  the  infection  in  moving  from  one  point  to  another  follows 
various,  and  often  obscure,  routes  for  different  victims,  and  hence 
ma}'  be  described  as  prosodemic. 

Fifth,  that  the  only  remedies  for  such  prosodemic  typhoid  are 
absolutely  thorough  and  universal  cleanliness,  and  especially  a 
thorough  disinfection  of  all  excreta. 

The  same  conclusions  may  serve  for  the  present  communica- 
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tion,  and  we  propose  to  reiterate  and  proclaim  them  at  convenient 
intervals  until  the  public  is  aroused  and  educated  to  that  cleanliness 
which  is  next  to  godliness,  and  our  national  excess  of  typhoid  fe^•er 
ceases  to  l)e  a  discredit  to  American  civilization. 
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The  President.  The  paper  is  l^efore  .voii  for  discussion,  and 
I  will  call  first  upon  Mr.  Lochridge. 

Mr.  Elbert  E.  Lochridge.*  ]\Ir.  President  and  fellow-mem- 
bers, I  have  been  very  glad  to  hear  everything  that  Professor 
Sedgwick  has  said  in  regard  to  typhoid,  for  I  believe  that  in  the 
press  and  in  the  general  feeling  of  the  majority  of  the  citizens,  not 
only  of  this  state,  but  of  every  state  and  of  every  city,  the  opinion 
prevails  that  water  not  only  carries  typhoid,  but  that  it  is  the 
chief  carrier  of  typhoid.  I  do  not  want,  in  an}^  remarks  which  I 
may  make,  to  in  any  way  disparage  the  danger  from  water-borne 
t3^phoid  ,  but  the  care  of  water  systems,  of  water  supplies,  and 
the  general  elimination  of  grossly  polluted  supplies  have  really 
brought  about  a  condition  that  may  be  considered  as  comparative 
immunity  from  typhoid  epidemics  coming  from  water  in  many 
cities. 

We  have  had  in  Springfield  during  this  past  summer  —  and  the 
situation  is  not  as  yet  entirely  cleared  —  an  epidemic  which  will 
bring  out  this  fact  very  plainly.  We  have  a  water  supply  there 
of  which  none  of  us  is  proud,  and  I  believe  that  two  thirds  of  the 
citizens  of  Springfield  would  rather  believe  something  bad  of 
the  water  than  not;  so  that  on  the  outbreak  of  an  eiDidemic 
of  typhoid  this  season,  the  water  was  at  once  blamed. 

*  Engineer  of  Water  Board,  Springfield,  Mass. 
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Out  of  the  first  seventy  cases  which  occurred,  1  beheve  the 
families  were  supplied  wdth  milk  by  thirty-five  diflerent  milkmen. 
This,  together  wdth  the  fact  that  the  number  of  cases  w^as  so  small 
compared  with  the  number  of  families  which  were  supplied  by 
these  milkmen,  very  effectively  removed  the  milk  from  the 
suspicion  that  it  was  the  carrier  of  the  disease.  As  a  practical 
water-w^orks  man  I  was  extremely  interested  in  the  situation,  and 
had  all  the  cases  reported  to  me  from  the  board  of  health.  This 
was  done  so  that  any  indication  whatever  that  the  water  was 
€ven  slightly  to  blame  could  be  carefully  traced.  With  the 
elimination  of  milk  as  a  possible  source,  and  the  general  feeling 
in  the  city  that  water  was  the  cause,  I  undertook  to  investigate 
and  go  thoroughly  into  the  causes  of  the  epidemic.  The  many 
statements  which  have  been  made  that  typhoid  epidemics  are 
usually  due  to  water  or  to  milk,  coupled  with  the  fact  that  our 
w'ater  supply  w'as  not  in  good  repute,  was,  I  believe,  responsible 
for  the  feeling,  not  only  of  suspicion,  but  of  certainty  in  the  minds 
of  most  people  that  the  w^ater  was  to  blame. 

The  local  board  of  health  have  a  routine  system  of  investigation 
of  every  case  of  typhoid.  On  the  cards  which  they  prepare  are 
blanks  where  may  be  recorded  the  usual  data,  including  the 
source  of  water  supply  of  the  patient,  the  milk  supply,  the  name 
■of  the  physician,  the  date  on  which  the  patient  went  to  bed. 
address  before  attack,  occupation,  etc.  On  looking  over  the 
-cases  one  very  marked  thing  stood  out  at  once,  and  that  was  the 
names  of  those  who  had  taken  the  disease.  I  followed  this  up 
and  noticed  that  the  epidemic  was  confined  almost  entirely  in 
the  earlier  stages  to  residents  of  one  particular  section,  and  that 
this  was  the  section  in  wiiich  the  foreign  element  lives.  Later, 
as  the  cases  began  to  multiply,  our  board  of  water  commissioners 
instructed  me  to  investigate  the  epidemic.  At  about  that  time 
Dr.  George  B,  Magrath,  now  the  acting  secretary  of  the  State 
Board  of  Health,  who  is  present  to-day,  came  to  Springfield,  and 
we  conducted  our  investigation  along  parallel  lines. 

It  w'as  at  once  seen  that  the  key  to  the  situation  was  not  con- 
tained in  any  of  the  data  which  w^e  had,  although  the  data  had 
])een  rather  carefully  prepared  along  the  usual  lines.  It  was  then 
determined  that  the  first  work  should  be  directed  to  the  securing 
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of  more  information.     Nothing  stood  out  as  the  cause  of  the  fever 
from  the  reports  which  were  in.     I  mention  these  facts  because 


Fig.  1.     General  Plan  of  Springfield  Water  System. 
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as  water-works  men  you  may  all  have  to  deal  with  some  such 
epidemic  and  with  some  such  feeling  as  we  haA-e  had,  for  with  the 
cause  of  the  epidemic  ver\'  obscure  in  its  earlier  stages  the  general 
sentiment  was  in  Springfield  that  the  water  supply  was  to  blame. 
This  further  investigation  was  conducted  along  the  lines  of  getting 
additional  information,  which  was  tabulated  and  worked  out 
independently  of  the  information  submitted  by  the  local  ])oard 
of  health,  and  data  from  each  of  the  sources  considered. 

I  will  attempt  to  give  you  a  brief  outline  of  the  situation  as  it 
stood  at  the  beginning  of  this  study. 

Before  you  (Fig.  1)  is  a  map  of  the  Springfield  water  system. 
Lying  to  the  east  of  the  city  proper  is  the  village  of  Indian  Orchard, 
which  is  a  part  of  the  city.  Just  beyond  Indian  Orchard  is  the 
village  of  Ludlow,  which  has  a  ]5opulation  of  3  500  people ;  Indian 
Orchard  has  a  little  less  than  5  000.  All  of  Indian  Orchard  and 
Ludlow  have  the  same  water  suj^ply  as  the  city  of  Springfield. 
Our  Ludlow  reservoir  is  four  miles  beyond  the  village  of  Ludlow, 
and  is  practically  twelve  miles  from  the  Connecticut  River.  The 
two  mains  which  we  have  supplying  the  city  with  water  pass 
through  these  villages  to  the  city,  as  shown  on  the  map. 

To  show  what  our  water  supply  is,  I  will  say  that  we  have  a 
storage  reservoir  of  about  1  800  million  gallons,  which  is  fed  by 
several  small  brooks  immediately  adjacent  to  it,  and  by  one  that 
is  larger,  Jabish  Brook,  which  is  diverted  through  a  canal  eight 
miles  in  length  to  the  reservoir.  These  are  shown  on  the  map. 
In  the  summer  season  the  water  in  the  reservoir  becomes  abso- 
lutely undrinkable.  It  would  be  impossible  to  make  the  people 
drink  it  if  you  gave  it  to  them;  they  would  drink  anything  else 
they  could  get.  So  in  the  summer  time  Jabish  Brook  is  diverted 
around  the  reservoir  to  a  small  basin  containing  not  over  three 
days'  supply. 

We  have  also,  east  of  the  city  and  near  the  villages  of  Indian 
Orchard  and  Ludlow,  three  ponds  which  are  situated  in  a  sandy 
plain  and  are  without  tributaries  of  any  nature.  These  are  used 
only  in  the  summer  and  for  the  purpose  of  making  up  the  defi- 
ciency in  the  amount  necessary  to  supply  the  city  over  the  summer 
flow  of  Jabish  Brook.  One  of  these  ponds  (Five  ^lile)  lies  between 
Springfield  and  Indian  Orchard.     The  largest  amount  of  water 
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is  taken  from  this  pond.  Tlie  second  (Loon  Pond)  lies  just  at 
the  village  of  Indian  Orchard,  and  the  third  (Chapin  Pond) 
between  the  Ludlow  reservoir  and  the  village  of  Ludlow. 

After  about  the  first  of  August  every  summer  our  supph^  con- 
sists of  the  direct  flow  of  Jabish  Brook,  unstored,  supplemented 
by  water  pumi)ed  from  the  three  ponds  just  mentioned.  Between 
the  Ludlow  reservoir,  which  is  at  sufficient  elevation  to  supply 
water  to  the  cit,v  by  gravity,  and  the  city  are  two  mains.  All 
of  the  water  from  the  ponds  is  pumi3ed  directly  into  one  main 
at  points  which  can  be  easily  seen  by  reference  to  the  diagram. 
This  main  is  the  one  which  supj)lies,  in  large  part,  these  outlying 
villages. 

The  typhoid  epidemic,  or  the  first  number  of  cases  with  which 
we  had  to  deal  and  which  are  marked  in  hea\y  dots  surrounded  by 
circles  on  the  map  (Plate  I),  came  down  in  the  ten  days  following 
the  15th  of  July.  If  you  will  notice  the  larger  number  of  them, 
near  the  west  edge  of  the  map,  you  will  see  they  were  confined, 
with  four  exceptions,  to  one  district,  and  this  is  the  foreign  district 
of  which  I  spoke.  At  that  time  it  became  necessary  to  use  the 
summer  sup])lies.  Owing  to  the  nature  of  the  system,  all  of  the 
hill  section,  all  of  Indian  Orchard  and  Ludlow,  are  supplied  by 
the  water  pumped  from  the  ponds,  which  constitutes  about  65  per 
cent,  of  our  supply  after  that  date.  The  north  end,  extending  to 
the  Chicopee  line,  is  supplied  from  the  other  main  which  comes 
into  the  city  on  Carew  Street  and  supplies  all  of  the  down-town 
district.  There  is  also  a  low-service  system,  water  for  which 
comes  from  this  Carew  Street  high-service  main,  and  this  service 
supplies  in  parallel  pipes  the  district  lying  near  the  river,  and  in 
general  the  same  down-town  district  supplied  by  the  main  pipe 
just  described. 

With  the  increase  in  the  flow  of  Jabish  Brook  following  the 
midsummer  rains,  the  pond  supplies  were  shut  off,  and  at  such 
times  the  water  supplied  to  all  of  the  hill  and  Indian  Orchard 
districts  w^as  again  unstored  brook  water.  Following  the  dates 
of  such  change,  which  involved  a  complete  change  in  the  source 
of  water  furnished  these  districts,  there  was  absolutely  no  change 
in  the  typhoid  situation.  We  had,  then,  a  knowledge  of  just 
which  parts  of  the  city  were  supplied  with  each  of  the  different 
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kinds  of  water  and  the  dates  on  which  they  were  thus  supplied. 
You  will  then  see  we  had  five  different  sources  of  supply  during 
this  time,  and  with  the  knowledge  of  the  dates  of  each,  had  any 
one  of  the  supplies  been  infected  we  would  have  known  the  locality 
in  which  to  look  for  the  infection;  or  on  the  disease  breaking  out 
in  a  given  locality,  we  could  look  to  a  particular  source  supplying 
that  locality  on  that  date.  We  found,  however,  that  there  was 
no  such  comparison.  Part  of  the  cases  were  on  the  high-service 
and  part  of  them  on  the  low.  The  distribution  of  the  earlier  cases 
was  not  a  general  distribution  which  you  would  get  from  a  water- 
borne  infection,  but  a  distribution  on  a  few  streets  where  the 
general  sanitary  conditions  were  the  worst  existing  anywhere  in 
the  city. 

Later,  the  cases  which  are  indicated  on  the  map  in  heavy 
dots  came  down.  This  map  is  complete  to  September  20.  If 
the  cases  since  that  date  should  be  added  we  would  have  half 
as  many  more,  confined  largely  to  the  same  locality,  but  with 
some  scattering. 

The  data  which  we  collected  were  tabulated  and  we  were  able 
to  determine  with  greater  accuracy  the  true  date  of  onset  of  the 
disease,  that  is,  the  earliest  date  which  it  was  possible  to  find  that 
a  person  had  been  sick. 

A  great  many  patients  will  be  what  are  called  "  walking  " 
cases,  —  patients  who  will  not  go  to  bed  for  three  or  four  weeks; 
and  we  found,  as  far  as  the  tracing  of  the  time  was  concerned, 
that  the  date  of  going  to  bed,  which  was  supplied  by  the  local 
board,  was  of  very  little  value. 

I  am  not  going  into  the  modes  of  transmission  of  this  disease 
in  Springfield  except  ver}-  briefly,  as  Dr.  ]\Iagrath  will  cover 
that  in  a  few  minutes,  but  I  w^ant  to  call  attention  to  this  dia- 
gram (Fig.  2),  which  brings  out  the  dates  on  which,  according  to 
our  revised  data,  the  epidemic  was  made  manifest,  that  is,  the 
date  of  onset. 

The  earlier  cases  with  which  we  had  to  deal  were  in  July,  at 
a  time  when  we  were  using  stored  water  from  our  main  reservoir. 
On  the  earliest  date  there  was  a  case  on  the  hill  (No.  4),  which 
in  locality  would  be  right  to  throw  suspicion  on  the  pond  supplies, 
but  inasmuch  as  the  epidemic  was  well  started  before  the  pond 
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supplies  were  used,  and  also  as 
the  water  supply  changes  already 
referred  to  did  not  affect  the  dis- 
tribution of  the  cases,  it  could  be 
seen  that  water  could  not  be  con- 
sidered as  a  cause.  Every  pos- 
sible susjncion  which  in  any  way 
could  be  thrown  on  the  water  was 
studied,  but  all  additional  data 
pointed  away  from  water  and  to 
other  causes. 

The  study  made  of  the  individ- 
ual cases  brought  out  a  peculiar 
fact  as  far  as  locality  was  con- 
cerned. With  one  exception,  in  all 
of  the  earlier  cases,  I  believe  the 
rent  paid  for  the  house  in  which 
there  was  a  typhoid  patient  did 
not  exceed  $12  a  month,  and  in 
a  great  many  of  them  the  rent 
was  from  $5  to  S6  a  month,  this 
bringing  out  the  nature  of  the 
locality  in  which  the  disease  broke 
out.  The  streets  from  the  rail- 
road through  to  about  Congress 
Street  are  filled  with  a  foreign  pop- 
ulation, principally  Russian  Jews, 
Syrians,  Irish,  and  some  Italians, 
while  Water  Street  and  the  adjoin- 
ing region  is  largely  Italian.  The 
first  cases  were  largely  confined  to 
this  class  of  people,  and  as  the 
people  could  not  talk  English  in 
most  of  the  cases,  we  had  the  hard- 
est kind  of  a  time  getting  any 
information. 

We  found  that  in  this  earlier 
group,  practically  all  of  them  had 
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gotten  their  vegetables  from  one  man.  Just  what  the  infection 
of  his  vegetables  was  it  would  be  very  hard  to  say.  His  wife 
w^as  sick  wath  a  slow  fever,  but  with  no  indication,  as  far  as  the 
doctor's  diagnosis  was  concerned,  that  it  was  typhoid.  There 
were  at  least  three  cases  of  typhoid  on  his  route.  Then  we  traced 
the  method  of  handling  the  vegetables.  He  went  about  in  an 
open  wagon  carrying  vegetables  which  he  purchased  both  from 
large  dealers  and  also  picked  iip  from  farmers,  —  in  any  place 
where  he  could  get  them  cheap,  —  and  the  handling  of  the 
vegetables  by  customers  and  putting  them  back  on  the  wagon 
was  found  to  be  the  universal  practice  everywhere  in  the  streets 
in  which  he  dealt. 

From  that  point  on  the  epidemic  took  on  another  nature,  and 
we  have  called  it  a  contact  epidemic.  This  same  vegetable  man 
probably  did  not  cause  more  than  these  first  cases,  but  the  families 
in  which  these  first  cases  came  were  peddlers,  men  who  passed 
through  the  city  vending  meats,  vegetables,  fruits,  etc.,  and  men 
who  ran  small  stands. 

In  taking  up  the  technique  of  the  investigation,  I  think  it 
would  be  well  to  tell  how  we  studied  it,  for  if  any  of  you  are  so 
situated  that  you  can  get  no  help  at  all  from  your  local  board 
of  health,  you  may  want  to  have  some  means  of  procedure.  If 
the  local  board  will  simply  make  a  statement  that  your  water 
supply  is  to  blame  and  let  it  rest  at  that,  you  may  want  to  know 
how  to  get  at  the  situation.  Three  men  who  understood  the 
nature  of  the  transmission  of  typhoid  were  brought  to  Spring- 
field, and  worked  under  Dr.  ^lagrath's  and  mv  direction,  Messrs. 
R.  E.  Tarbett,  W.  H.  Lalley.  and  H.  C.  McRae.  They  worked 
faithfully  and  hard  and  their  assistance  was  an  important  factor 
in  finding  the  cause  of  the  epidemic.  These  men  went  from 
house  to  house  and  took  note  of  all  the  conditions;  and  the  condi- 
tions which  they  found  were  a  good  deal  worse,  and  might  be 
described  even  more  vividly ,  than  some  of  the  descriptions  which 
were  given  in  Professor  Sedgwick's  paper.  The  uncleanliness  of 
that  region  was  very  manifest.  In  the  shops  where  buns  were 
for  sale  we  found  them  so  covered  with  flies  that  3'ou  would  have 
to  brush  the  flies  away  to  see  whether  they  were  buns  or  whether 
they  were  bananas;    and  the  general  method  of  handling  what 
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was  exposed  for  sale  was  extremely  dirty.  I  must  not  tell  more 
than  that,  for  Dr.  ]\Iagrath  will  give  you  a  number  of  instances. 
In  general,  it  can  be  said  that  it  was  a  filth  epidemic;  the  seed 
was  planted  on  very  fertile  groimd. 

If  we  go  back  into  the  study  of  typhoid,  we  shall  find  that 
at  one  time  it  was  believed  that  piles  of  filth  bred  disease,  the 
typhoid  germs  multiplying  and  growing  in  the  piles  of  filth.  Later, 
when  we  began  to  know  something  more  of  the  germ  theory,  that 
all  passed  away  and  there  was  a  reaction,  and  it  was  said  that 
filth  did  not  cause  disease;  no  matter  how  much  dirt  there  was, 
it  was  not  disease  and  could  not  cause  disease.  I  think  now  we 
are  ready  to  go  almost  back  to  the  older  theory.  It  is  true  that 
germs  do  not  originate  in  these  ]iiles  of  filth,  Ijut  the}'  are  i)retty 
much  at  home  there,  and  if  they  are  handled  and  brought  into 
contact  with  food  or  with  drink,  you  will  get  typhoid  from  them. 

The  later  stages  of  the  epidemic  raised  points  which  in  the  popu- 
lar mind  were  the  hardest  thing  to  understand.  After  about  a 
month  or  six  weeks,  we  found  the  disease  beginning  to  get  into 
the  better  families  and  spreading  out  over  the  city.  The  better 
class  of  people  objected  to  having  it  said  that  the  epidemic  was 
caused  by  peddlers,  claiming  that  they  did  not  patronize  them, 
and  did  not  care  to  have  any  connection  with  them  mentioned. 
Even  a  casual  glance  at  the  epidemic,  however,  brought  out  an 
important  fact.  In  the  earlier  stage  the  carrying  of  the  infection 
was  probably  in  that  manner.  In  the  second  stage  not  only  in 
this  manner,  but  also  in  many  other  means  of  contact,  and  in 
the  later  stages  tlie  means  of  furtherance  could  he  counted  by  the 
dozen  instead  of  by  a  single  one  as  in  the  earlier  cases.  Few 
fanjilies  know  the  history  of  all  of  the  fruit,  vegetables,  and  other 
food  brought  to  their  homes,  or  the  movements  of  their  servants 
when  not  on  duty  in  the  house. 

With  regard  to  the  village  of  Ludlow  it  may  l^e  well  to  say  a 
word.  IakIIow  is  a  manufacturing  town,  with  a  population 
largely,  almost  entirely,  foreign.  In  this  town  through  the  entire 
summer  there  was  not  a  single  case  of  typhoid  fever  anywhere  on 
the  mains,  and  at  the  present  time  I  believe  there  are  but  three 
cases  in  the  village,  and  two  of  those  are  entirely  off  the  water 
supply.     Indian    Orchard    was    also    exempt.     I    mention    this 
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merely  as  a  confirmation  of  the  general  statements  which  I  am 
making  in  regard  to  the  transmission  of  the  disease. 

And  another  very  marked  thing  was  that  these  localities  were 
not  localities  where  local  or  small  filters  were  used.  That  is  a 
point  which  is  brought  up  at  once.  It  was  given  as  a  reason  that 
a  certain  class  of  people  were  exempt,  that  they  filtered  the  water, 
or  that  they  didn't  use  the  city  water;  but  here  was  a  region  with  a 
population  of  over  8  000  who  did  not  have  filters  in  their  houses. 

Taking  up  the  better  localities,  you  can  see  at  the  eastern  edge 
of  the  map  that  the  so-called  ]\IcKnight  district  was  practical!}' 
exempt.  The  Forest  Park  district,  which  is  also  occupied  by 
the  better  class  of  residents,  in  the  southwest  corner  of  the  map, 
was  entirely  exempt,  and  in  the  northern  section,  the  Bright  wood 
district,  which  is  occupied  largely  by  the  better  laboring  class,  I 
believe  there  was  only  one  case  of  typhoid  fever.  These  localities 
represent  verv^  diverse  water-supply  conditions  during  the 
period  of  the  epidemic.  The  region  nearest  the  water  supply, 
which  should,  in  the  case  of  a  water-borne  epidemic,  be  first  to 
show  its  effect,  was  entirely  exempt.  The  region  most  direct!}' 
supplied  steadily  by  Jabish  Brook  Avater  Avas  entirely  exempt. 
Two  other  regions  supplied  alternately  by  pond  water  and  Jabish 
Brook  water  were  entirely  exempt,  while  the  remaining  portion 
of  the  city,  representing  no  new  sources  or  no  different  sources, 
have  in  them  a  large  number  of  cases.  So  on  the  face  of  it  you 
would  say  at  once  that  it  was  very  simple;  but  when  you  come 
to  face  the  actual  situation  of  a  general  belief  that  it  is  the 
Avater,  and  an  unshakable  belief  on.  the  part  of  the  physicians 
that  it  is  the  AA'ater,  a'ou  haA'e  to  go  into  it  prettA'  thoroughly  in 
order  to  show  that  it  Avas  not.  HoAA-ever,  Ave  did  not  go  into  it 
to  shoAV  that  it  Avas  not  the  Avater,  but  to  find  out  the  real  cause. 

Referring  again  to  the  diagram,  you  wall  notice  the  almost 
intermittent  action;  that  is,  days  on  which  the  typhoid  breaks  out, 
then  will  follow  a  lull,  to  be  followed  by  another  outbreak.  Xo 
two  of  these  groups  of  cases  were  supplied  by  the  same  water. 
nor  had  the  same  Avater  conditions.  You  will  note  that  they 
foUoAved  pretty  closely  the  incubation  period;  that  is,  each  period 
of  cases  made  neAv  foci  and  from  these  foci  developed  further 
cases  of  typhoid,  so  if  we  Avere  seeking  a  cause  Ave  should  seek  a 


DISCUSSION.  7o 

cause  for  each  one  of  those  outbreaks.  And  that  can  be  seen  if 
3'ou  go  into  the  occupations  of  the  first  grouj)  and  follow  it  right 
through  from  group  to  group. 

In  regard  to  seasonal  or  residual  t}'phoid  which  has  been  men- 
tioned, I  want  to  say  a  word,  and  that  is  this:  \A'ith  the  elimina- 
tion of  water-borne  typhoid  we  still  have  this  residual  or  seasonal 
typhoid.  Every  city  has  it,  and  there  is  a  cause  for  it  and  it  is 
a  perfectly  natural  cause;  that  is,  the  germ  must  come  from  a 
typhoid  patient  and  nuist  be  taken  into  the  alimentar}^  canal  of 
some  other  person.  That  is  all  that  is  necessary  for  typhoid, 
and  in  all  of  this  residual  or  seasonal  typhoid,  every  one  of  the 
patients  must  have  gotten  the  typhoid  in  that  way.  I  believe 
that  this  epidemic  at  Springfield  can  very  clearly  be  shown  not 
to  have  been  caused  by  water,  but  to  have  been  caused  by  con- 
tact in  various  ways,  and  I  think  that  in  this  epidemic  we  have  a 
magnification  of  the  cause  which  Ijrings  about  seasonal  typhoid. 
It  was  on  a  large  scale.  —  there  were  altogether,  I  think,  two 
hundred  cases.  Those  cases  were  from  the  causes  which  are 
active  each  year  in  producing  seasonal  typhoid,  but  inasmuch 
as  the  disease  was  first  planted  in  a  district  which  supplies  food 
for  other  districts,  and  in  a  district  which  is  very  dirty,  we  have 
the  ideal  conditions  for  a  very  large  seasonal  typhoid. 

Dr.  George  Burgess  Magrath.*  Mr.  President  and  mem- 
bers of  the  Association,  I  wish  to  thank  you  most  heartily  for 
your  hospitalit}',  and  for  the  privilege  of  listening  to  the  paper 
of  the  afternoon  and  of  participating  to  some  slight  degree  in  the 
discussion  of  a  theme  Avhich  is  of  such  great  interest  alike  to  the 
sanitary  engineer,  the  biologist,  and  the  physician.  Professor 
Sedgwick  has  covered  the  general  subject  so  exhaustively  that 
there  is  very  little  which  I  could  possibly  add  so  far  as  the  general 
aspects  of  this  important  problem  are  concerned;  and  in  what  I 
have  to  say  I  shall  deal  mostly  with  certain  aspects  of  the  epi- 
demic of  this  year  in  Springfield,  concerning  which  ^Ir.  Lochridge 
has  told  you  a  great  deal. 

You  will,  perhaps,  bear  with  me.  however,  if  I  preface  what  I 
have  to  say  by  some  general  considerations  with  regard  to  acute 
infectious  diseases. 

*  Acting  Secretary,  State  Board  of  Health,  Boston,  Mass. 
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No  department  of  medical  and  biological  science  has  shown  a 
greater  increase  in  the  sum  of  knowledge  in  recent  times  than 
that  of  epidemiology,  or  of  our  knowledge  of  the  cause  of  diseases. 
The  application  of  this  increase  of  knowledge  to  sanitary  science 
and  for  the  protection  of  public  health  has  been  most  prompt  and, 
as  you  all  know,  is  of  the  greatest  importance  to-day  in  the 
protection  of  our  communities  from  the  spread  of  acute  infectious 
diseases. 

If  one  were  asked  what  is  meant  by  an  acute  infectious  disease, 
what  is  meant  by  a  contagious  disease,  I  think  he  would  have  to 
answer  somewhat  as  follows :  That  by  an  acute  infectious  disease 
we  mean  one  the  cause  of  which  is  a  micro-organism,  whether 
animal  or  vegetable  it  matters  not,  which  enters  man  or  the  lower 
animals  as  a  parasite,  and,  growing,  produces  in  the  course  of  its 
growth,  injurious  substances  of  one  sort  or  another.  These 
poisonous  substances  cause  abnormal  anatomical  conditions,  the 
outward  expressions  of  which  are  the  symptoms  of  disease. 

Now  among  the  infectious  diseases,  the  germ  diseases, — and, 
of  course,  our  whole  conception  of  the  nature  of  those  diseases 
has  been  modified  within  less  than  a  generation  by  the  discovery 
of  micro-organisms,  and  the  identification  in  many  of  the  infec- 
tious diseases  of  some  form  of  organism  which  is  specifically 
present  in  each,  in  many  instances  producing  changes  character- 
istic of  the  disease,  —  among  this  large  group,  there  are  certain 
diseases  which  are  more  easily  communicable  than  others,  which 
are  much  more  easily  transferred  from  one  individual  to  another, 
than  are  other  diseases;  and  these  are  commonly  known  as  the 
contagious  diseases,  although  there  is  not  necessarily  any  sharp 
line  dividing  one  group  from  the  other.  Professor  Sedgwick  has 
pointed  out  that  typhoid  fever  under  certain  conditions  is  so 
easily  communicable,  or  is  communicated  so  directly,  as  to  be 
rated  as  a  contagious  disease.  But  if  we  contrast  with  typhoid 
fever  smallpox,  scarlet  fever,  measles, — possibly,  also,  diphtheria, 
— we  see  at  once  that  there  are  certain  diseases  which  are  so  easily 
acquired  that  it  is  necessary  only  to  enter  the  room  in  which  is 
a  patient  suffering  from  one  of  those  diseases,  in  order  to  render 
a  susceptible  individual,  one  w^ho  has  not  had  the  disease  or  is 
not  otherwise  protected  from  it,  extremel}^  likely  to  catch  it. 
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Now,  the  first  diseases  mentioned,  i.  e.,  scarlet  fever,  small- 
pox, and  measles,  for  a  long  time,  although  carefully  studied, 
presented  no  etiological  factor  clearly  demonstrable,  —  that  is, 
no  definite  germ  was  found  in  the  lesions  produced  in  the  course 
of  those  diseases.  Latterly,  there  have  been  recognized,  certainly 
in  scarlet  fever  and  smallpox,  bodies  which  belong  not  to  the 
bacterial  group  or  vegetable  group  of  parasites,  but  to  the  animal, 
and  these  bodies  are  capable  of  producing  spores,  minute  proto- 
plasmic particles,  which  are  easily  passed  about  in  the  air  and 
communicated  or  transmitted  from  one  individual  to  another  by 
the  very  air  that  we  breathe.  That  seems  to  explain  why  in 
certain  diseases  transference  from  one  to  another  is  so  easy.  Of 
course,  among  the  bacteria  there  are  those  which  are  more  readily 
killed  by  sunlight  and  by  exposure  to  degrees  of  temperature 
unfavorable  to  their  development  or  growth  than  are  others;  so 
that  amongst  the  bacterial  diseases  there  are  some  which  are 
more  easily  communicated  from  one  individual  to  another  than  are 
others.  In  addition  to  these  differences,  partly  the  inherent 
characteristics  of  the  organism,  partly  its  ability  to  live  under 
unfavorable  conditions,  there  is  the  set  of  differences  which  obtain 
according  to  the  way  in  which  the  disease  is  acc^uired.  An 
organism  which,  in  order  to  produce  its  lesions,  must  be  taken 
into  the  mouth  or  nose  and  into  the  lungs,  is  an  organism  which 
may  be,  and  is  likely  to  be,  one  which  can  be  transmitted  by  the 
air  in  dust,  and  will  produce  a  disease  which  is  easily  communi- 
cable. That  is,  there  are  differences  in  the  way  in  which  these 
parasites  or  germs  enter  the  body.  Those  which  enter  through 
the  mouth,  through  the  lungs,  through  the  respiratory  system, 
produce  diseases  which  are  readily  acquired.  Those  which  enter 
the  body  through  the  digestive  tract,  on  the  other  hand,  of  which 
cholera,  dysentery,  and  tj^phoid  fever  are  examples,  are  diseases 
which  are  not  acciuired  by  mere  proximity,  or  by  the  inhaling  of 
the  air  which  has  been  breathed  by  an  individual  suffering  from 
them,  as  are  smallpox  and  scarlet  fever. 

There  is  still  another  group  of  diseases  in  which  the  organism 
must  enter  through  the  skin,  through  the  sting  of  an  insect,  of 
which  malaria  and  yellow  fever  are  examples. 

Now  with  the  increase  of  knowledge  in  regard  to  typhoid  fever, 
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it  has  become  apparent  that  there  are  modes  of  transmission  or 
vehicles  for  the  entrance  of  the  organism  into  the  body  (and  it 
must  enter  through  the  mouth  and  be  s^vallo^ved  in  order  to 
produce  its  effects)  other  than  those  which  for  a  long  time  have 
been  recognized  as  the  more  prominent,  i.  e.,  water,  milk,  and 
shell-fish.  In  other  words,  it  is,  perhaps,  necessary  that  we  hold 
in  suspicion  every  article  which  may  be  put  into  the  mouth. 
Such  a  vehicle  may  be  fruit  or  vegetables  or  bread  or  candy; 
anything,  really,  which  may  pass  the  lips  must  be  looked  upon 
as  a  possible  conveyence  or  vehicle  for  contagion,  bearing  in  mind, 
of  course,  that  typhoid  bacilli  will  not  withstand  conditions 
markedly  unfavorable  in  point  of  dryness  and  temperature, 
as  will  some  of  the  other  forms  of  parasites,  those  which  produce 
the  spores  and  are  transmissible  by  the  air  and  dust. 

Passing  rapidly  from  such  general  considerations  to  the  specific 
instance  of  this  epidemic,  Mr.  Lochridge  has  explained  to  you 
why,  after  a  careful  review  of  the  situation,  it  seemed  improbable 
that  all  the  cases  of  typhoid  fever  in  this  outbreak  should  be 
referable  to  the  water  supply.  There  remained,  after  you  sub- 
tracted from  the  total  number  of  cases  those  which  could  be 
referred  to  the  seasonal  or  "  residual  "  occurrence,  a  very  con- 
siderable number  of  cases,  in  fact  a  very  large  percentage,  which 
we  found  distributed  focally.  Mr.  Lochridge  has  pointed  out 
to  you  that  the  distribution  of  the  cases  over  the  city  is  of  some 
sociological  significance. 

Upon  this  map,  Plate  I,  are  indicated  in  dots  surrounded  by 
circles  cases  which  occurred  during  the  last  two  weeks  of  July. 
From  the  15th  to  the  28th  of  July  there  were  some  sixteen  cases. 
These  sixteen  cases  had  the  geographical  distribution  indicated. 
It  is  apparent  at  once  that  they  are  most  numerous  in  the  regions 
which  Mr.  Lochridge  has  described  as  being  those  occupied  by.  a 
foreign  population,  largely  by  Jews,  Syrians,  Greeks,  and  some 
Italians.  This  peculiarity  of  distribution  of  the  early  cases, 
which  was  continued  as  time  went  on  and  the  cases  increased  in 
number,  this  increase  taking  place  in  localities  where  the  dwellings 
were  shabby  and  the  rate  of  rent  low,  led  us  to  inquire  more 
closely  into  the  domestic  conditions,  the  personal  habits,  and 
the  physical  surroundings  of  the  people  living  in  these  localities. 
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It  would  be  dillicult  to  describe  with  accuracy  and  suflicicntly 
forcibly  the  conditions  which  prevailed  in  the  Jewish  quarters. 
I  have  never  seen  any  more  marked  exhibition  of  uncleanliness, 
not  to  say  filth,  than  prevailed  in  those  quarters.  The  people 
were  very  closely  crowded  in  the  houses,  and  they  were  very 
careless  with  regard  to  the  disposition  of  their  excrement.  Open 
privy  vaults  to  the  number  of  forty  were  found  on  two  of  these 
streets,  but  the  inhabitants  didn't  always  take  the  trouble  to 
use  the  vaults.  There  were  many  children  in  this  district,  and, 
of  necessity,  in  accordance  with  their  standard  of  living  and 
decency,  the  distribution  of  excrement  was  rather  widespread. 
To  a  certain  extent  the  same  conditions  prevailed  in  all  of  the 
regions  where  typhoid  fever  was  most  prevalent.  These  seem  to 
be  the  remains  of  Old  Springfield.  Tucked  away  in  behind  the 
higher  and  better  buildings,  old  houses,  poorly  constructed,  poorly 
equipped,  and  with  imperfect  plumbing  or  no  ]olumbing  at  all, 
still  exist.  In  one  of  these  regions  a  number  of  negroes  live,  and 
in  another  region  there  is  a  "  poor  white  "  class.  Along  Water 
Street  are  many  Italians,  and  in  the  progress  of  the  epidemic  many 
more  cases  developed  in  this  district  than  are  shown  upon  the 
map. 

The  elimination  of  water  and  milk  as  vehicles  of  contagion, 
rendered  possible  by  careful  study  of  all  the  conditions,  showed 
that  we  must  inevitably  be  dealing  here  with  other  means  of 
infection,  some  of  which  Professor  Sedgwick  has  referred  to  this 
afternoon.  First  of  all,  within  the  families  opportunity  existed 
for  contact  spread  of  the  disease.  There  is  no  question  about 
it.  Given  one  case  in  a  family  of  seven  or  eight  individuals 
living  in  three  rooms,  with  conditions  of  extreme  filth  in  the 
kitchens  and  living  rooms,  with  no  precaution  whatever  taken 
to  prevent  contamination  of  food  by  filth,  it  seems  to  me  that 
conditions  were  ideal  for  contact  spread.  But  that  would  not, 
of  necessity,  relate  cases  in  the  dirtier  districts  with  cases  occurring 
elsewhere  in  a  population  comparable  with  that  in  such  regions. 

The  incidence  of  these  cases  in  point  of  time,  the  fact  that  there 
occurred  in  all  of  this  region  in  the  last  two  weeks  of  July  and  first 
two  weeks  of  August  cases  of  typhoid  fever,  led  us  further  to 
inquire  whether  there  was  ari}'  vehicle  which  possibly  could  be 
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operative  in  these  different  communities  at  the  same  time  or  nearly 
the  same  time.  We  were  continually  impressed  with  the  fact 
that  it  was  among  the  poorer  people  and  the  dirtier  people  that 
the  disease  was  spreading,  and,  of  course,  there  was  the  possibility 
of  contact  spread  elsewhere.  I  think  it  is  undoubtedly  true  that 
typhoid  fever  had  existed  here  from  early  in  the  spring,  that 
cases  which  nearly  overlapped  in  point  of  time  existed  in  this 
region,  and  one,  at  least,  existed  in  this  region  as  early  as  April, 
and  that  case  had  access  to,  and  used,  an  open  privy  A'ault.  the 
contents  of  which  were  not  removed.  The  houses  in  the  vicinity 
were  all  poor  shacks,  with  unscreened  and  broken  windows,  and, 
if  we  are  entitled  to  admit  in  the  spread  focally  of  typhoid  in  these 
regions  the  possible  instrumentality  of  flies,  there  certainly 
existed  the  opportunity. 

In  this  connection  it  is  worth  mentioning  —  and  this  was  the 
result  of  rather  a  careful  study  of  the  region  from  daj'  to  day  — 
that  in  this  quarter  are  venders  of  all  sorts,  bakers,  green  grocers, 
and  dispensers  of  fruit  in  hand-carts,  whose  routes  take  them  in 
and  out  through  these  streets,  off  along  through  the  Italian 
quarter,  and  to  some  extent  up  through  State  Street  and  over 
through  Walnut  Street,  and  down  into  the  part  of  the  town  known 
as  the  Watershops  district.  It  was  perfectly  manifest  to  us 
that  venders  of  various  sorts,  selling  through  this  region  where 
most  of  the  cases  occurred,  in  the  earlier  part  of  the  summer,  also 
did  business  in  the  parts  of  the  town  where  typhoid  subsequently 
became  rather  prevalent.  The  machinery  existed  for  the  con- 
veyance of  the  disease  in  that  fashion  to  some  extent.  Whether 
that  really  was  a  factor  is,  of  course,  bound  to  be  a  matter  of 
some  speculation.  There  is  no  direct  evidence;  it  is  all  circum- 
stantial evidence  at  best,  but  the  way  in  which  these  hucksters 
sold  their  goods  certainly  impressed  upon  us  the  fact  of  the  possi- 
bility of  this  mode  of  spread.  The  vender  of  fruit  and  vegetables 
starting  in  here  in  the  morning  (he  might  or  might  not  be  a  resi- 
dent of  that  quarter,  although  three  or  four  peddlers  of  that  sort 
did  live  in  that  quarter),  starting  in  on  one  of  these  streets,  would 
go  from  house  to  house;  the  women  would  come  out  and  over- 
haul the  stock  and  select  what  they  wanted  and  purchase  it,  and 
the  wagon  would  go  on  to  the  next  house.     Now  there  was  enough 
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typhoid  in  and  out  through  those  streets  to  liave  rendered  it 
certainly  possible,  if  not  probable,  bearing  in  mind  always  the 
habits  of  the  people,  the  ffict  of  personal  uncleanliness,  the  fact 
of  a  considerable  prevalence  of  typhoid  among  children,  many  of 
them  infants,  that  contact  infection  should  take  place;  that  is, 
for  the  direct  passage  of  infected  fdth  from  hands  to  these  wares 
to  have  occurred.  Furthermore,  all  through  these  streets  are 
small  basement  shops  in  which  are  exposed  for  sale,  as  M-r.  Loch- 
ridge  has  stated,  bread,  cake,  pastry,  and  green  stuff.  At  the 
time  of  the  year  when  I  was  in  Springfield  the  latter  consisted 
mosth-  of  apples  and,  to  some  extent,  peaches  and  pears,  cabbages, 
and  so  on.  In  the  earlier  part  of  the  summer,  of  course,  there 
were  lettuce  and  berries  of  various  sorts.  The  wares  in  these 
shops  were  handled  in  very  much  the  same  fashion  as  those  in 
the  peddlers'  carts,  that  is,  people  who  were  going  to  purchase 
would  overhaul  the  stock  and  select  what  they  wanted.  This  as 
a  medium  for  local  spread  I  regard  as  of  some  importance,  and 
the  venders  as  of  importance,  also,  in  the  spread  of  the  disease 
from  one  neighborhood  to  another.  The  people  living  here  are 
of  such  sort  as  to  render  them  patrons  of  the  small  venders  with 
push-carts,  which  is  not  true  of  the  inhabitants  of  other  districts. 
These  carts  are  not  to  be  found  up  in  the  McKnight  district,  or 
in  the  Forest  Park  district. 

One  other  point.  The  Hampden  County  jail  is  situated  here 
(Cases  8,  23,  24,  102,  103,  and  116),  and  in  the  first  two  weeks 
of  what  we  may  speak  of  as  the  epidemic,  which  period  coin- 
cides with  the  last  half  of  July,  there  occurred  one  case  of 
typhoid  fever,  and  within  a  week  of  that  time  two  others  in 
the  jail,  all  on  the  same  cell  tier  and  on  the  same  side  of  the 
cell  stack.  This  occurrence  of  the  disease  in  a  population 
which  w^as  largely  immobile,  the  three  cases  which  I  refer 
to  occurring  amongst  long-term  men,  —  no  one  of  them  had 
been  in  the  jail  less  than  four  months,  and  the  most  of  them  were 
there  for  a  two  years'  sentence.  —  seemed  to  offer  a  somewhat 
anomalous  fact.  Cases  subseciuently  occurred  to  the  number  of 
six,  all  among  men  who  had  been  in  the  jail  for  six  months  at 
least,  and  some  of  them  for  a  year  or  more. 

Now,  how  did  the  disease  get  there?     The  jail  is  an  exceedingly 
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well-governed  institution.  It  i.s  exceedingly  clean,  one  of  the 
best  medical  men  in  Springfield  is  the  attending  physician,  and 
I  have  never  visited  an  institution  of  its  sort  where  the  sanitary 
conditions  were  of  any  higher  order  than  they  are  in  the  Hampden 
County  jail.  The  fact,  however,  must  be  recognized  that  prisoners 
have  ways  and  means  of  getting  certain  things  that  they  are  not 
supposed  to  get.  They  are  allowed  in  the  Hampden  Comity  jail 
chewing  gum  and  cough  drops.  Tobacco  is  not  allowed,  but 
tobacco  does  find  its  way  into  the  Hampden  County  jail,  as  I  guess 
it  does  into  every  reformatory  institution.  Some  of  the  short- 
term  men,  men  in  for  a  few  days,  are  employed  on  the  outside  of 
the  Ijuilding,  around  the  jail  grounds,  taking  care  of  the  premises, 
and  they  were  in  the  habit  after  raking  up  the  ground  of  taking 
the  debris  of  various  sorts  over  to  the  city  dump,  which  lies  at  a 
distance  of  about  one  hundred  yards  easterly  from  the  jail.  Inci- 
dentally they  would  look  over  the  debris  and  bring  back  cigar 
butts,  and,  probably,  anything  else  which  they  thought  worth 
taking  away,  and  which  could  be  ]iut  into  their  pockets.  This 
statement  as  to  their  bringing  back  cigar  butts  is  on  the  testi- 
mony of  at  least  three  men  who  had  typhoid  fever  and  were  taken 
to  the  hosi)ital.  I  do  not  offer  this  as  an  explanation  of  typhoid 
fever  in  the  jail,  but  I  do  think  that  jail  walls  are  not  strictly 
impervious,  and  that  something  which  might  act  as  a  vehicle 
for  the  transmission  of  typhoid  could  have  found  its  way  into  the 
jail.  We  don't  know  anything  about  it,  and  I  merely  mention  it  as 
an  anomaly  in  this  epidemic.  Of  course,  there  is  an  explanation 
for  it,  and  I  think  it  may  be  along  the  lines  which  I  have  intimated. 
All  of  this,  it  seems  to  me,  goes  to  show  that  there  can  occur  in 
our  cities  epidemics  of  typhoid  fever  which  are  not  attributable 
to  the  water  supply,  or  to  milk,  but  which  occur  because,  as  ^Ir. 
Lochriclge  has  stated,  inflammal)le  material  or  a  fertile  soil 
exists  upon  which  infection  will  thrive  if  it  happens  to  get  planted. 
It  became  so  planted  in  Springfield,  and  upon  a  soil  favorable  to 
its  spread.  The  fact  that  typhoid  fever  had  not  spread  in  these 
regions  before  is  no  objection  to  this  as  an  explanation.  A  part 
of  a  city  in  which  the  buildings  are  far  below,  we  will  say,  the 
requirements  of  modern  building  laws,  is  a  permanent  menace  to 
the  city  from  danger  of  fire  so  long  as  it  is  there.     The  regions  of 
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the  city  of  Springfield  in  which  the  epidemic  thrived  are  those  in 
which  the  sanitary  conditions  were  the  poorest,  where  the  advance 
of  civilization  and  sanitary  improvement  had  not  gone  far  enough 
to  eliminate  the  privy  and  to  render  imperative  such  improved 
conditions  within  the  houses  as  would  have  removed  from  the 
city  the  soil  upon  which  the  epidemic  spread. 

Prof.  C.-E.  A.  Winslow.  We  may  well  be  proud  of  the 
leadership  of  Massachusetts  in  sanitary  matters  and  especially 
in  the  matter  of  water  supplies.  I  think  it  may  be  said  that 
a  man  can  go  to  almost  every  city  and  town  in  Massachusetts 
and  drink  from  the  public  water  supply  with  safety,  which 
certainly  cannot  be  said  of  any  other  state  in  the  Union. 
That  having  been  accomplished,  however,  we  cannot  afford  to 
remain  satisfied  with  our  laurels.  We  must  move  onward,  and 
having  wiped  out  here  the  highest  death-rates  from  typhoid  fever, 
ranging  from  25  to  125  per  100  000  in  cities  having  polluted  waters, 
it  becomes  us  to  turn  our  attention  particularly  to  the  residual 
typhoid,  the  15  to  25  deaths  remaining,  and  to  endeavor  to  find 
out  what  causes  that. 

We  have  had  a  splendid  object  lesson  as  to  residual  typhoid 
in  this  .Springfield  epidemic.  It  has  been  shown  most  conclu- 
sively, I  think,  by  Mr.  Lochridge  and  by  Dr.  Magrath,  that  the 
Springfield  epidemic  is  not  due  to  water.  Of  course,  in  studying 
the  cause  of  any  phenomenon  it  is  always  easier  to  fall  back  on 
the  cause  of  other  similar  phenomena,  than  to  try  to  find  out  a 
new  one  actually  operative  in  the  particular  case.  It  was  easy 
enough,  and  perhaps  right  enough,  twenty  years  ago,  to  say  that 
typhoid  fever  was  due  to  the  water  supply,  but  that  explanation 
will  not  serve  in  many  communities  to-day. 

When  we  find,  as  we  do  on  an  inspection  of  the  typhoid  death- 
rates,  that  we  still  have  15,  20,  or  25  deaths  from  typhoid  per 
100  000  of  population,  and  when  we  look  abroad  and  find  that  in 
England  and  in  Germany  they  have  death-rates  from  typhoid 
ranging  perhaps  from  3  to  10  per  100  000,  it  is  time  that  we  asked 
ourselves  the  reason.  If,  as  has  been  brought  out  in  the  paper 
and  the  discussions  this  afternoon,  typhoid  is  essentially  a  filth 
disease,  a  disease  which  is  carried  by  excreta  getting  where 
excreta  should  not  be,  it  is  obvious  that  we  must  ask  ourselves 
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whether  we  are  a  dirty  people,  whether  we  are  a  dirtier  people  than 
the  Germans  and  the  English. 

Of  course  we  have  in  our  cities  to-day  an  extremely  difiicult 
problem  to  meet.  ^Ye  haven't  an  essentially  American  popula- 
tion, —  a  Yankee  population,  —  but  we  have  a  population  includ- 
ing groups  of  Greeks  and  Syrians  and  Armenians  and  Italians, 
people  from  the  south  of  Euroj)e  who  have  come  from  unsanitar}^ 
conditions  and  who  are  accustomed  to  uns'anitar}-  conditions. 

One  of  the  points  which  has  greatly  interested  me  in  the  history 
of  the  Springfield  epidemic  has  been  the  comparison  of  the  typhoid 
fever  rate  with  the  social  condition  of  the  population.  It  is  a 
new  thing,  I  think,  to  connect  a  typhoid  epidemic  with  low  rents, 
but  it  appears  to  have  been  justly  done  in  this  case.  That  is,  the 
typhoid  epidemic  is  there  because  of  the  dirty  surroundings  which 
accompany  low  rents.  To  be  sure  we  do  not  have  typhoid  epi- 
demics everywhere  where  there  is  filth,  and  that  argument  will 
always  be  brought  up  in  a  discussion  of  this  sort.  But,  as  the 
gentlemen  who  have  spoken  have  said,  filth  is  the  inflammable 
material.  It  does  not  explode  until  the  match  is  applied  to  it. 
But  it  is  so  fatally  easy  to  apply  the  match,  so  fatally  easy  to 
introduce  the  one  case  of  typhoid  fever  which  will  spread  like  fire 
through  the  filthy  region,  that  we  must  regard  the  filth  as  always 
a  potential  agent  in  the  transmission  of  typhoid  fever. 

Furthermore,  that  one  case  need  not  be  a  recognized  case.  "We 
have  numerous  examples  of  walking  typhoid,  cases  which,  per- 
haps, are  never  known  as  typhoid  fever,  where  the  persons  may 
walk  about  and  feel  poorly  and,  perhaps,  have  a  little  diarrhea 
for  three  or  four  weeks  and  then  may  get  well  without  ever  know- 
ing that  they  have  had  anything  but  some  little  summer  trouble; 
and  yet  they  have  had  typhoid  fever  and  have  been  all  the  time 
spreading  the  germs  more  actively  than  if  they  had  been  actually 
confined  to  bed  with  the  disease.  We  know  that  typhoid  germs 
may  be  present  in  the  urine  of  a  typhoid  patient  after  recovery, 
in  some  cases  for  months,  so  that  a  person  who  has  become  appar- 
ently quite  well  may  still  be  going  about  sowing  the  seed.  In 
view  of  these  facts  the  one  thing  for  us  to  do  is  to  see  to  it,  so 
far  as  we  can,  that  there  shall  be  no  accumulation  of  inflammable 
filthy  material  ready  to  be  set  aflame  at  any  moment. 
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Another  point  which  interested  me  particularly  in  what  Mr. 
Lochridge  said  was  the  spread  of  the  epidemic  to  the  better 
locaUties  in  the  city.  That  will  inevitably  occur.  It  is  true 
nowhere  more  than  in  sanitary  science  that  we  are  all  members 
of  one  body,  and  that  if  one  part  of  a  city  is  allowed  to  be  filthy, 
other  parts  of  the  city  are  sure  to  suffer.  If  there  is  typhoid  infec- 
tion in  the  dirty  part  of  the  city,  that  will  get  on  clothes  or  on 
fruit,  or  be  brought  into  the  best  houses  by  servants  who  have 
mothers  and  brothers  and  sisters  in  the  slum  districts  whom  they 
go  to  see,  as  I  have  found  in  two  or  three  cases  of  small  obscure 
typhoid  epidemics.  These  servants  perhaps  go  into  the  filthy 
districts,  where  they  make  the  beds  of  the  patients,  and  then 
return  and  prepare  the  food  for  the  families  in  luxurious  residen- 
tial districts. 

We  must  not  allow  these  plague  spots  to  exist.  If  we  are  to 
do  away  with  residual  typhoid,  and  lead  in  that  as  Massachusetts 
has  led  in  the  elimination  of  water-borne  typhoid,  we  must  take 
up  the  question  of  personal  cleanliness.  We  must  educate  the 
people  to  personal  cleanliness,  and  so  far  as  our  city  and  state 
boards  of  health  are  concerned  we  must  see  to  it  that  those  powers 
which  exist,  and  which  to-day  in  the  case  of  our  city  boards  of 
health  are  ample  to  do  what  need  be  done,  are  exercised  vigor- 
ously and  forcibly. 

The  President.  It  seems  to  me,  gentlemen,  that  the  water- 
works superintendents  ought  to  go  home  from  this  meeting  feel- 
ing pretty  happy.  Heretofore  every  time  that  there  has  been  a 
typhoid  fever  epidemic  it  has  always  been  said  that  the  w-ater 
has  been  to  blame,  and  now  we  have  found  typhoid  fever  in  pretty 
large  quantities  where  the  water  has  nothing  whatever  to  do  with 
it.  It  is  now  time  for  the  boards  of  health,  which  have  hitherto 
told  the  water-works  superintendents  to  go  ahead  and  do  the 
work,  to  go  ahead  and  do  something  themselves.  So  I  think  we 
all  have  had  reason  to  feel  very  well  satisfied  wdth  ourselves  in 
view  of  what  we  have  heard  in  this  symposium  here  to-day.  I 
should  like  to  ask  Professor  Kinnicutt  to  say  a  few  words. 

Prof.  Leonard  P.  Kinnicutt.*  Mr.  President,  I  think  this 
is  a  little  bit  rough  on  me.     I  am  not  at  all  in  a  pleasant  mood.     In 

*  Worcester  Polytechnic  Institute,  Worcester,  Mass. 
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order  to  get  here  I  had  to  go  without  my  lunch,  so  I  am  not  in 
that  happy  frame  of  mind  that  I  might  have  been  if  I  had  par- 
taken of  my  hinch  here  with  you.  Then,  again,  in  the  mail  this 
morning  I  received  the  following  letter  which  I  didn't  open  until 
I  entered  the  train:  "Dear  Sir,- — -Please  review  the  enclosed 
typewritten  transcript  of  your  remarks,  made  at  the  meeting 
of  the  Public  Health  Association,  and  return  the  corrected  copy 
to  me  as  soon  as  possible."  I  may  say  that  I  was  called  upon 
there  unexpectedly,  in  the  same  way  as  the  president  has  called 
upon  me  now,  to  say  a  few  words  regarding  "  Trade  Wastes."  I 
opened  this  copy,  and  the  first  sentence  that  met  my  e5^e  was 
this:  "  In  Worcester  there  is  one  very  large  concern,  the  Ameri- 
can Iron  and  Steel  Company,  that  use  a  very  large  amount  of 
sulphuric  acid  in  pickling  their  hams.  [Laughter.]  This  iron 
sheet  paper  is  thrown  into  the  stream  and  causes  great  pollution." 
[Laughter.]  I  threw  the  copy  aside,  and  made  a  solemn  vow  I 
would  never  speak  again  without  being  prepared.  [Laughter.] 
I  am  afraid,  however,  like  most  of  my  good  resolutions,  it  will  only 
last  for  a  short  time.     [Laughter.] 

But,  really,  I  have  only  a  very  few  words  to  say  to-day,  and 
after  what  I  am  going  to  say  I  am  afraid  that  you  may  not  go 
home  in  quite  the  happy  frame  of  mind  your  president  expected 
you  to.  There  is  no  question,  as  I  think  it  has  been  very  well 
shown  in  what  has  been  said  here  to-day,  that  typhoid  fever  is 
not  only  a  water-borne  disease,  but  a  contact  disease.  Professor 
Winslow,  however,  in  his  remarks  suggested  one  question  which 
I  have  been  asking  myself  ever  since  I  came  into  this  room,  and 
that  is,  Wh}^  is  it  that  where  you  have  w-ell-cared-for  and  well-puri- 
fied water  supplies,  the  typhoid  fever  rate  in  Germany  is  only 
from  5  to  10  per  100  000,  and  in  this  country,  as  Professor  Sedg- 
wick has  said,  it  is  between  18  and  25  per  100  000?  It  cannot  be 
claimed  that  the  Germans  are  a  more  cleanly  people  than  we  are 
in  this  countr}'.  In  the  first  place,  the  water-closet  is  now^here 
nearly  as  common  in  Germany  as  it  is  here,  and  the  privy  is  very 
much  more  common.  Also,  in  the  poorer  quarters  in  the  large 
cities  like  Berlin  and  Munich,  there  are  just  as  bad  conditions  as 
are  found  in  our  tenement-house  districts.  They  also  have  the 
fruit  sold  on  the  streets  just  as  we  have  it  sold  here,  and  I  imagine 
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that  a  great  deal  more  fruit  is  bought  on  the  streets  at  the  little 
booths  than  is  bought  from  peddlers  in  this  country. 

I  think  it  is  a  quest  ion  which  we  should  ask  ourselves,  then, 
Why  is  it  that  we  have  in  our  cities  here,  which  have  a  good  water 
supply,  a  higher  death-rate  from  typhoid  fever  than  they  do  in 
Germany?  Now,  I  think  that  one  thing  should  be  borne  in  mind 
regarding  our  water  supplies.  The  water  supplies  of  our  chief 
cities  in  New  England,  as  Professor  Sedgwick  has  said,  are  gener- 
ally good,  pure  water  supplies.  But  let  us  go  into  the  country; 
let  us  go  into  Vermont;  let  us  go  into  New  Hampshire.  I  have 
had  occasion  during  the  past  two  months  to  look  over  the  returns 
from  the  State  Board  of  Health  of  Vermont,  and  I  have  found  that 
of  the  wells  there  which  have  been  investigated  dviring  the  past 
3'ear,  one-half  contain  polluted  waters;  and  I  mean  by  polluted 
waters,  waters  which  receive  sewage  drainage.  I  think  possibly 
that  may  account  for  a  certain  increase  in  our  typhoid  death-rate 
even  in  cities  where  we  do  have  good  sanitary  water  supplies'. 
I  am  one  of  Professor  Sedgwick's  pupils,  and  I  hate  to  make  any 
statement  in  his  presence,  so  I  will  merely  ask  the  question: 
What  would  the  effect  be  upon  the  typhoid  fever  death-rate  in 
our  cities  if  we  could  in  any  way  obtain  a  perfect  water  supply  all 
through  the  country? 

Mr.  Freeman  C.  Coffin.*  Mr.  President,  it  is  very  interesting 
for  us  to  learn  that  typhoid  fever  which  is  not  caused  by  a  defec- 
tive water  supply  is  caused  by  low  rents.  That  may  be  very  pleas- 
ing to  us,  but  I  hope  that  the  reporters  will  omit  to  mention  the 
fact,  because  we  all  know  that  the  landlords  are  an  altruistic  set 
of  people  and  I  am  afraid  that  they  would  raise  their  rents  imme- 
diately.    (Laughter.) 

The  President.     Will  Dr.  Hollis  say  something? 

Dr.  Frederick  S.  Hollis. t  Mr.  President  and  gentlemen, 
I  came  without  preparation  or  thought  of  having  anything  to 
say,  and  must  confine  my  remarks  to  tests  which  I  have  made 
from  wells  in  different  towns  in  Connecticut,  particularly  those  used 
to  some  extent  by  the  public,  samples  from  a  great  many  of  which 
were  received  from  the  health  authorities  of  the  various  towns. 

*  Civil  Engineer,  Boston,  Mass. 

t  Tufts  Medical  School,  Boston,  Mass. 
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]\Iany  of  these  were  found  to  be  highly  poUiited.  as  was  shown 
by  the  presence  of  bacillus  coli;  and  I  have  no  doubt  that  many 
■of  these  wells,  the  water  from  which  is  not  infrequently  used  in 
preference  to  that  of  the  public  supply,  are,  as  Mr.  Weston  has 
said  of  many  springs,  sources  of  infection. 

I  have  felt  that  this  branch  of  work,  the  study  of  samples  taken 
at  the  discretion  of  the  local  health  authorities  from  semi-public 
wells;  is  very  important. 

Of  the  seventy-two  wells  examined  during  two  years,  the 
majority  of  which  were  of  this  character  and  under  suspicion, 
thirty-two  gave  positive  tests  for  bacillus  coli,  seven  gave  doubt- 
ful results  and  thirty-three  gave  results  that  were  negative. 

The  President.     Mr.  Locke,  we  should  like  to  hear  from  you. 

Mr.  William  W.  Locke.  I  haven't  a  great  deal  to  add,  Mr. 
President,  to  what  has  already  been  said.  While  traveling  up 
and  down  the  Metropolitan  watersheds  I  have  occasionally  found 
isolated  cases  of  typhoid  fever  which  probably  came  from  polluted 
wells;  in  most  cases  that  seems  to  be  the  indication.  We  do  our 
best  to  prevent  the  spread  of  the  disease  to  other  individuals  or 
localities,  and  I  think  the  records  show  that  not  many  cases  of 
that  kind  come  to  Boston.  In  connection  with  a  recent  suit  for 
'damages,  one  of  the  commissioners  made  the  statement  that  he 
had  been  told  by  a  sanitary  expert  that  typhoid  fever  came  from 
'Other  sources  than  from  human  beings,  that  is,  that  animals 
propagated  the  disease,  and  it  was  spread  through  animals.  I 
should  like  to  ask  the  question  of  the  experts  here  to-day  whether 
there  has  ever  been  a  well  authenticated  case  where  typhoid  has 
come  through  animals. 

Professor  Sedgwick.     I  never  heard  of  any. 
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ELECTRIC  PUMPING  AT  SCHENECTADY,  N.  Y. 

BY  G.  S.  HOOK,  CIVIL  ENGINEIiR,  SCHENECTADY,  N.   Y. 
[Presented  September  14,    WOS.] 

AVherever  cheap  power  is  availal)le,  it  would  appear  that  an 
electrically  driven  municipal  pumping  plant  should  offer  many 
advantages  well  worth  considering,  both  by  water-works  super- 
intendents and  fire  protection  engineers.  Nor  can  electric  pump- 
ing now  be  considered  merely  experimental,  for  since  October, 
1904,  the  city  of  Schenectady,  N.  Y.,  has  received  its  entire  water 
supply  by  this  method,  and  Buffalo,  N.  Y.,  has  been  using  electric 
power  for  a  like  purpose.  The  letting  of  contracts  for  the  elec- 
trical equipment  of  pumping  stations  for  the  New  York  high- 
pressure  fire  supply  in  both  Manhattan  and  Brooklyn  boroughs 
also  indicates  that  the  compactness,  simplicit}^,  and  prompt  serv- 
ice of  the  electric  motor,  when  applied  to  emergency  pumps  of 
large  capacity,  is  now  being  recognized  by  insurance  engineers 
and  underwriters. 

As  Schenectady  has  been  the  pioneer  in  the  use  of  electric 
power  for  a  high-pressure  municipal  water  supply,  a  description 
of  the  plant  now  in  continuous  operation  there  shoidd  naturally 
find  a  place  in  the  literature  of  this  important  subject. 

The  new  electric  pumping  plant  of  the  Schenectady  Water 
Works  is  located  at  Rotterdam,  N.  Y.,  about  three  miles  west 
of  Schenectady,  adjacent  to  the  old  plant,  which  is  equipped  with 
tw^o  vertical  steam  j^umps  of  6  000  000  gallons  daily  capacity  each. 

Plate  I,  Fig.  1,  is  an  exterior  view  of  the  steam  and  electric 
pumping  stations,  and  gives  a  good  comparison  of  the  sizes  of 
the  two  plants.  The  small  building  at  the  left,  solidly  built  of 
brick  and  steel,  is  the  new  electric  station.  Its  rated  capacity 
is  24  000  000  gallons  in  twenty-four  hours,  against  a  head  of  110 
pounds  per  square  inch  —  twice  the  output  of  the  old  steam  plant 
—  and  it  occupies  a  very  much  smaller  ground  space. 

The  pumps  are  18-inch  two-stage  vertical  shaft  turbine  type. 
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built  by  Henry  R.  Worthington.  They  consist  of  an  outer  casing, 
inside  which  is  located  a  set  of  fixed  diffusion  rings  and  vanes, 
and  a  rotating  runner  or  "  impeller."  The  water  enters  the 
top  of  the  casing  at  the  center  of  the  impeller,  and  is  thrown  out 
through  the  diffusion  vanes  into  the  discharge  chamber.  The 
vanes  are  so  curved  as  to  transform  the  kinetic  energy,  imparted 
to  the  water  by  the  pump,  into  static  pressure  with  minimum 
loss.  The  pumps  are  installed  in  the  21-foot  pit  of  the  station,  as 
shown  in  Plate  I,  Fig.  2,  and  Plate  III,  and  draw  the  water  through 
a  42-inch  suction  pipe  from  two  circular  wells  42  feet  and  35  feet 
deep  and  50  feet  in  diameter.  These  wells  are  near  the  electric 
pumping  station  building  and  are  covered  by  a  steel-reinforced 
concrete  structure.  They  have  3-foot  concrete  walls  and  gravel 
bottoms,  up  through  which  the  water  filters.  One  of  the  wells 
is  to  be  seen  in  the  foreground  of  Plate  I,  Fig.  1. 

The  vertical  shafts  of  the  two  main  pumps  extend  to  the  station 
floor  and  are  direct-coupled  to  the  rotors  of  two  800  horse-power 
(rated),  550-volt,  40-cycle,  three-phase  General  Electric  squirrel- 
cage  induction  motors,  installed  on  the  station  floor  (Plate  I,  Fig. 
2,  and  Plates  II  and  III).  The  rated  speed  of  the  motors  is  800 
revolutions  per  minute,  and  their  lubrication,  a  very  important 
matter  at  such  high  speed,  is  effected  by  forcing  oil,  at  a  pressure  of 
about  100  pounds,  under  the  thrust  bearing,  which  is  arranged  in 
the  horizontal  bearing  shield  on  top  of  the  motor.  For  supplying 
the  oil,  two  vertical  triplex  Knowles  oil  pumps,  each  direct-driven 
by  a  geared  3  horse-power  induction  motor,  are  provided.  Since 
the  main  pumps  are  located  above  the  normal  water  level  of  the 
wells,  a  two-cylinder,  9-inch  X  7-inch  vacuum  pump,  direct  driven 
by  a  5  horse-power  induction  motor,  is  installed  on  the  station  floor 
and  used  to  produce  a  vacuum  in  the  suction  pipe  so  as  to  draw 
the  water  to  the  pumps  when  starting  up.  A  drainage  pump  of 
the  AVorthington  one-stage  vertical  volute  type  is  installed  in  the 
pit.  Its  vertical  shaft  extends  like  that  of  the  main  pumps  to 
the  station  floor,  and  it  is  driven  at  1  200  revolutions  per  minute 
by  a  direct  connected,  5  horse-power,  three-phase  induction  motor 
installed  near  the  priming  pump,  as  shown  in  Plate  I,  Fig.  2,  and 
Plate  III.  All  of  the  motors  are  supplied  with  550-volt,  40-cycle. 
three-phase  current,  and  have  squirrel-cage  rotors. 
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Two  separate  and  independent  10  000-volt  transmission  lines 
are  provided,  running  from  the  Dock  Street  substation  of  the 
Schenectady  Illuminating  Company,  which  furnishes  the  city  of 
Schenectady  with  power,  and  which  receives  its  current  from  the 
water-power  station  in  Mechanicsville  and  Spiers  Falls.  The  lines 
are  also  connected  to  the  power  stations  of  the  General  Electric 
Works  as  a  further  source  of  power.  The  lines  are  controlled  at 
both  ends  by  General  Electric  automatic  oil  switches,  and  pro- 
tected at  both  ends  by  General  Electric  lightning  arresters.  The 
oil  switches  are  so  adjusted  that  a  heavy  overload  of  the  pump 
motors  will  trip  the  switches  at  the  pumping  station  end  of  the 
line  only,  so  that  the  pump  service  can  be  resumed  immediately 
In'  closing  these  SAvitches.  Oh  the  other  hand,  a  dangerous  over- 
load, or  a  short  circuit  on  the  line,  will  trip  the  generating  station 
switches  also,  thus  protecting  line  and  apparatus  against  injury. 

At  the  pumping  station  the  high-tension  current  is  stepped 
down  to  550  volts  by  two  banks  of  three  250-kilowatt  single-phase 
air-blast  transformers  (Plate  I,  Fig.  3;  and  Plates  II  and  III).  The 
transformer  secondaries  are  provided  with  taps,  wired  to  double- 
throw  switches,  for  starting  the  800  horse-power  main  pump 
motors  at  quarter  and  half  voltage  in  order  to  avoid  the  heavy 
rush  of  current  that  would  be  caused  if  the  motors  were  started  at 
full  voltage.  There  is  also  installed  a  150-kilowatt,  10  500/9  500- 
2  400/2  200  volt  lighting  transformer,  which  supplies  current  to 
the  village  and  the  railway  station  nearby.  The  necessary  air 
blast  is  supplied  by  two  independent  induction-motor-driven 
blowers  installed  on  the  station  floor. 

A  fireproof  partition  separates  the  roomy  compartment  con- 
taining the  bus-bars  and  all  of  the  high-tension  apparatus  — 
lightning  arresters,  disconnecting  switches,  oil  switches,  trans- 
formers, etc.  — from  the  motor  room,  and  the  entrance  from  one 
to  the  other  is  closed  by  fireproof  doors.  Imbedded  in  and  form- 
ing part  of  the  partition  is  the  switchboard,  containing  two  in- 
coming line  panels,  two  high-tension  transformer  panels,  and  two 
low-tension  I  main  motor  panels,  equipped  with  the  necessary 
ammeters,  voltmeters,  low-tension  lever  switches  for  controlling 
the  main  pump  motors,  and  handles  for  the  remote  control  of 
the  high-tension    oil  switches   which  are   installed    in   fireproof 
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Ijrick  cells.  On  these  panels  are  also  installed  the  lever  switches 
controlling  the  aiixiliar}'  motors,  and  the  vacuum  and  water- 
pressure  gages.  Plate  I,  Fig.  3,  gives  a  view  of  this  switchboard, 
with  the  transformers,  high-tension  switches,  bus-bars,  etc.,  visible 
through  the  open  door  at  the  left. 

The  electrical  layout  is  designed  to  cooperate  with  the  use  of 
the  two  independent  supph^  lines  in  preventing  any  possibility  of 
a  total  shutdown  of  the  entire  plant,  upon  the  continuous  opera- 
tion of  which  depends  the  water  supply  of  the  cit}^  of  Schenec- 
tady. Two  sets  of  low-tension  busses  are  provided,  and  the 
double-throw  switches  enable  either  of  the  two  banks  of  trans- 
formers to  be  switched  on  to  either  one  of  the  two  sets  of  bus-bars. 
The  main  and  auxiliary  switches  are  also  double-throw,  to  facili- 
tate switching  over  from  one  bus  to  the  other. 

The  turbine  centrifugal  pump  is  especially  adapted  to  meet 
extraordinary  demands  for  a  large  supply  of  water.  For  instance, 
in  the  case  of  a  large  fire,  where  a  hea^vy  demand  for  water  is 
made  beyond  the  nominal  capacity  of  the  pumps,  and  a  reduction 
in  pressure  follows,  the  turbine  centrifugal  pump  will,  under  these 
conditions,  deliver  a  very  largely  increased  amount  of  water  when 
operating  against  the  reduced  pressure. 

In  the  Rotterdam  installation  the  pumps  are  designed  to  deliver 
at  the  rate  of  12  000  000  gallons  each  per  twenty-four  hours, 
against  a  working  pressure  of  110  pounds.  A  further  requirement 
is  that  with  all  the  outlets  from  the  pumps  closed  and  the  pumps 
and  motors  running  at  full  rated  speed,  the  pressure  shall  not 
exceed  120  pounds  per  square  inch.  This  requirement  is.  com- 
pletely fulfilled  by  these  centrifugal  pumps,  thereby  avoiding 
all  liability  of  the  very  serious  accidents  which  have  occurred  to 
water  mains  supplied  by  reciprocating  pumping  engines  and  to 
these  engines  themselves,  when,  through  either  accident  or  design, 
the  valves  or  distributing  mains  have  been  closed. 

The  electrically  driven  turbine  pump  requires  less  than  half  of 
the  space  needed  for  the  most  compact  form  of  reciprocating  steam 
pumping  plant  of  equal  capacity.  A  comparatively  light  and 
inexpensive  foundation  is  required,  as  there  is  an  entire  absence 
of  stresses  due  to  reciprocating  motions.  The  only  moving  part 
is  the  rotor-driven  impeller,  and  there  is  comparatively  little  noise 
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or  vibration.  Little  or  no  expenditure  is  required  for  upkeep  and 
repairs,  as  the  onl}'  wearing  surfaces  are  the  bearings.  The  attend- 
ance and  depreciation  are,  therefore,  noniinaL 

All  of  the  electrical  apparatus  in  this  pumping  station  is  of 
General  Electric  make.  The  station  has  now  been  in  continuous 
satisfactory  operation  for  nearly  a  year,  and  the  adjoining  steam 
station,  formerly  used,  has  been  entirely  shut  down. 

It  may  be  added  that  the  efficient  resjjonse  to  several  extraor- 
dinary demands  made  upon  this  system  during  large  fires,  when 
as  many  as  19  hose  streams  have  been  taken  from  consecutive 
hydrants,  has  proved  to  the  insurance  interests  that  these  pumps 
can  be  speeded  up  to  meet  any  emergency  within  the  delivering 
capacity  of  the  mains. 
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WILLIAM!   THOMPSON   SEDGWICK:   PRESIDENT   NEW 
ENCiLAND  WATER  WORKS  ASSOCIATION. 

BY    M.    N.    BAKER,    ASSOCIATE    EDITOR,    "  ENGINEERIXG    NEWS." 
[Reprinted  *  from.  "  Engineering  News  "  of  January  11,  IdOff.] 

The  New  England  Water  Works  Association  did  credit  to  itself, 
as  well  as  to  Prof.  William  T.  Sedgwick,  of  the  Massachusetts 
Institute  of  Technology,  by  electing  the  latter  as  its  president  on 
January  10.  Professor  Sedgwick  has  long  been  a  stanch  sup- 
porter of  the  association  and  has  taken  no  small  part  in  the  devel- 
opment and  application  of  knowledge  of  ])ure  water  supplies,  how 
to  get  them  and  how  to  keep  them.  He  has  also  contributed 
largely  to  other  branches  of  sanitary  science,  and,  as  will  appear 
later,  has  had  important  connections  with  municipal  and  state 
civil  service  reform.  In  view  of  all  the  foregoing  facts  we  take 
pleasure  in  presenting  herewith  a  biographical  sketch  and  por- 
trait t  of  this  newly  elected  society  president. 

William  Thompson  Sedgwick  was  born  in  West  Hartford.  Conn., 
on  December  29,  1855.  He  was  the  son  of  William  and  Ann 
(Thompson)  Sedgwick,  and  a  direct  descendant  of  Robert  Sedg- 
wick, of  Charlestown  (Boston),  Mass.  The  latter  was  born  in 
Woburn,  England,  in  1611.  arrived  in  Boston  in  1636-7,  died  in 
Jamaica,  W.  I.,  in  1656,  after  having  been  sent  from  Boston  by 
01i\'er  Cromwell  as  major-general  to  command  the  British  forces 
in  Jamaica. 

The  subject  of  this  sketch  prepared  for  college  at  the  Hartford 
high  school,  and  in  1877  graduated  with  the  degree  of  Ph.B.  in 
biology  from  the  Sheffield  Scientific  School  at  Yale.  After  a 
year  as  a  student  of  medicine,  and  a  like  period  as  instructor  in 
physiological  chemistry,  at  Yale,  Mr.  Sedgwick  went  to  Johns 
Hopkins  University.  Here  he  was,  successively,  fellow,  instructor, 
and  associate  in  biology,  from  1879  to  1883,  receiving  the  degree 
of  Ph.D.  in  1881.  In  December,  1881,  he  was  married  to  Mary 
Katrine  Rice,  of  New  Haven,  Conn.     In  1883.  by  invitation  of 

*  With  slight  changes. 

t  See  frontispiece.     This  portrait  is  from  a  later  photograph  than  the  one  printed   in 
Engineering  News. 
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Gen.  Francis  A.  Walker,  he  went  to  the  Massachusetts  Institute 
of  Technology  as  assistant  professor  of  biology,  rising  to  associate 
professor  in  1885,  and  to  the  full  professorship  in  1891,  which  he 
has  held  ever  since.  In  1902  he  was  made  director  of  the  Sanitar\^ 
Research  Laborator}-  and  Sewage  Experiment  Station  of  the 
Massachusetts  Institute  of  Technology. 

To  water-works  men  and  municipal  sanitarians  Professor  Sedg- 
wick made  himself  widely  known  during  the  period  from  1888  to 
1896,  by  his  services  as  biologist  of  the  Massachusetts  State  Board 
of  Health.  In  this  capacity  he  took  an  important  part  in  the 
studies  of  water  and  sewage  purification  at  the  Lawrence  Experi- 
ment Station,  collaborating  with  Hiram  F.  Mills,  engineer  member 
of  the  board,  the  late  Thomas  M.  Drown,  then  chemist  of  the 
board,  and  F.  P.  Stearns,  M.  Am.  Soc.  C.  E..  then  chief  engineer 
to  the  board.  It  w"as  under  the  guidance  of  such  men  as  these, 
including,  of  course.  Professor  Sedgwick,  that  Messrs.  Allen  Hazen, 
George  W.  Fuller,  H.  W.  Clark,  E.  O.  Jordan,  W.  R.  Copeland, 
and  many  other  well-known  water  and  sewage  engineers,  chemists, 
and  bacteriologists  had  their  early  training  and  inspiration. 

During  his  connection  with  the  Massachusetts  State  Board 
of  Health,  Professor  Sedgwick  made  a  number  of  notable  studies 
of  water-  and  milk-borne  epidemics  of  typhoid  fever,  accounts  of 
which  may  be  found  in  the  annual  reports  of  the  Ijoard.  Just 
before  the  Columbian  Exposition,  Professor  Sedgwick  published,  in 
conjunction  with  Mr.  Allen  Hazen,  an  exhaustive  historical  and 
sanitary  study  of  typhoid  fever  at  Chicago,  giving  comparisons 
with  New  York,  Boston,  and  other  cities  (see  Engineering  News, 
April  21,  1902).  Later,  Professor  Sedgwick  reported  on  water 
supply  and  typhoid  fever  at  Burlington,  Vt.  (see  Journal  of  the 
New  England  Water  Works  Association,  March,  1S96),  and  at 
Pittsburg,  Pa.  (see  ''  Report  of  Pittsburg  Filtration  Commission," 
1899).  He  has  contributed  a  number  of  papers  to  the  Journal 
OF  THE  New^  England  Water  Works  Association,  one  of  the 
most  valuable  being  an  "  end  of  the  century  "  address,  on  "  The 
Rise  and  Progress  of  Water  SupjDly  Sanitation  in  the  Nineteenth 
Century,"  *  read  in  1901  l)efore  the  association  which  has  now 
chosen  him  for  its  president. 

*Vol.  15,  p.  315  (June,  1901). 
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A  mere  enumeration  of  the  most  important  official  positions 
held  by  Professor  Sedgwick  since  1896,,  many  of  which  he  is  still 
filling,  indicates  his  wide  range  of  interests  and  public  and  semi- 
public  services:  curator,  Lowell  Institute,  Boston,  since  1897; 
chairman,  pauper  institutions  trustees,  city  of  Boston,  1897-99, 
and  acting  institutions  registrar,  1899-1900;  vice-president, 
Boston  Society  of  Municipal  Officers,  1899-1901;  trustee,  Sim- 
mons College,  Boston,  since  1899;  chairman,  American  Society 
of  Bacteriologists,  1899,  and  president,  1900;  president,  Boston 
Civil  Service  Reform  Association,  1900,  and  Massachusetts  Civil 
Service  Reform  Association,  1901;  president,  American  Society 
of  Naturalists,  1901;  president,  Board  of  Directors,  Sharon 
(Mass.)  Sanatorium  for  Consumptives,  since  1902;  member, 
Advisory  Board  Hygienic  Laboratory,  Public  Health  and  Marine 
Hospital  Service,  since  1902;  one  of  the  principal  experts,  Chicago 
Drainage  Canal  case,  1903-4;  meml^er.  Board  of  Trustees,  Faulk- 
ner Hospital,  Boston,  since  1903;  member.  School  Committee, 
Brookline,  Mass.,  since  1904;  vice-president,  and  chairman  Section 
K  (Physiology  and  Experimental  Medicine),  American  Associa- 
tion for  the  Advancement  of  Science,  1904-5. 

As  a  writer  or  public  speaker  on  his  chosen  subjects  Professor 
Sedgwick  has  few  equals  in  clearness,  force,  grace  of  expression, 
and  power  of  holding  his  readers  or  hearers.  Besides  his  many 
official  reports,  and  his  addresses  and  papers  before  the  New 
England  Water  Works  Association  and  other  organizations,  he 
is  the  joint  author  with  the  distinguished  Prof.  E.  B.  Wilson, 
of  Columbia  University,  of  "  General  Biology  "  (American  Science 
Series,  first  edition,  1886);  assistant  editor  of  the  "Life  and 
Letters  of  William  Barton  Rogers,"  founder  and  first  president 
of  the  ^lassachusetts  Institute  of  Technology  (1896);  and  author 
of  the  "  Principles  of  Sanitary  Science  and  Public  Health  "  (1902). 
In  collaboration  with  Professor  Hough,  formerly  his  assistant 
professor,  and  now  of  Simmons  College,  he  has  in  press  a  novel 
and  original  textbook  for  high  schools  and  colleges,  entitled  "The 
Human  Mechanism:  Its  Physiology  and  Hygiene,  and  the  Sani- 
tation of  Its  Surroundings." 

This  sketch  would  not  do  full  justice  to  its  subject  if  it  failed  to 
mention  I'rofessor  Sedgwick's  notable  achievements  as  a  teacher. 
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Of  these  it  is  only  necessary  to  say  here  that  to  his  high  capacity 
for  instruction  he  joins  powers  of  inspiring  his  pupils  with  his  own 
zeal  for  both  conscientious  routine  work  and  for  original  research, 
and  that  his  pupils  are  eagerly  sought  to  fill  positions  demanding 
a  combination  of  high  scientific  attainments,  a  willingness  to  work, 
and  personal  integrity;  that  is,  he  turns  out  men  as  well  as 
scientists. 


TN 
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December  Meeting. 

Hotel  Brunsavick, 
Boston,  December  13,  1905. 
Mr.  George  Bowers,  President,  in  the  chair. 
The  following  meml)ers  and  guests  were  present: 

Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  F.  A.  Barbour,  G.  W.  Batchelder,  J.  F.  Bigelow, 
J.  W.  Blackmer,  George  Bowers,  E.  C.  Brooks,  J.  C.  Chase,  F.  C.  Coffin,  M.  F. 
Collins,  W.  R.  Conard,  F.  H.  Crandall,  A.  O.  Doane,  C.  R.  Felton,  J.  N. 
Ferguson,  W.  E.  Foss,  A.  N.  French,  E.  V.  French,  F.  L.  Fuller,  T.  C.  Gleason, 
A.  S.  Glover,  J.  A.  Gould,  F.  E.  Hall,  J.  C.  Hammond,  Jr.,  V.  C.  Hastings,  D. 
A.  Heffernan,  H.  G.  Holden,  J.  L.  Howard,  E.  W.  Kent,  Willard  Kent,  J.  W. 
Killam,  F.  C.  Kimball,  G.  A.  King,  F.  A.  Mclnnes,  D.  E.  Makepeace,  W.  E. 
Maybury,  John  Mayo,  A.  S.  Merrill,  H.  A.  Miller,  F.  L.  Northrop,  J.  H.  Perkins, 
Dwight  Porter,  W.  W.  Robertson,  C.  W.  Sherman,  Sidney  Smith,  G.  H.  Snell, 
J.  T.  Stevens,  W.  F.  Sullivan,  C.  N.  Taylor,  I..  A.  Taylor,  R.  J.  Thomas,  W.  H. 
Vaughn,  C.  K.  Walker,  Elbert  Wheeler,  J.  C.  WTiitney,  G.  E.  WUde,  O.  J. 
Whitney,  F.  I.  Winslow,  G.  E.  Winslow,  F.  E.  Winsor.  —  61. 

Associates. 
Ashton  Valve  Co.,  Ijv  H.  H.  Ashton  and  C.  W.  Houghton;  Builders  Iron 
Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by  Edw.  F.  Hughes; 
Coffin  Valve  Co.,  by  H.  L.  Weston;  Henrj-  A.  Desper;  Hersey  Mfg.  Co.,  by 
J.  A.  Tilden,  Albert  S.  Glo^'er,  W.  A.  Hersey;  International  Steam  Pump  Co., 
by  Samuel  Harrison;  H.  Mueller  Mfg.  Co.,  bj'  George  A.  Caldwell;  National 
Meter  Co..  by  C.  H.  Baldwin  and  J.  G.  I.ufkin;  Perrin,  Seamans  &  Co.,  by  J. 
C.  Campbell;  Rennselaer  Mfg.  Co.,  by  C.  L.  Brown  and  F.  S.  Bates;  Ross 
Valve  Co.,  by  Wm.  Boss;  Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water 
Meter  Co.,  by  F.  L.  Northrop,  A.  S.  Otis,  W.  F.  Hogan,  and  L.  P.  Anderson; 
R.  D.  Wood"&  Co.,  by  W.  F.  Woodburn.  —  22. 

Guests. 

Arthur  E.  Blackmer,  Supt.  Water  Works,  Plymouth,  Mass.;  James  E. 
Blake,  Attleboro,  Mass.;  I).  Potter,  Braintree,  ^Slass.;  J.  F.  Gleason,  Quincy, 
Mass.,  and  Frank  Grady,  Comr.,  Medford,  Mass.  —  5. 

[Names  counted  twice.  —  3.] 
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The  following  were  elected  members:  Edgar  A.  ^^'eimer,  Mayor, 
Lebanon,  Pa.;  Dr.  Howard  Nelson  Kingsford,  Professor  of 
Pathology  and  Bacteriology,  Dartmouth  College,  and  New  Hamp- 
shire State  Bacteriologist;  Hanover,  N.  H.;  Irving  T.  Farnham, 
City  Engineer,  Newton,  Mass.;  W.  F.  McFarland,  Superintendent 
Water  Department,  Washington,  D.  C;  Ira  Gould  Hoagland, 
connected  with  the  Underwriters  Bureau  of  New  England, 
Auburndale,  Mass. 

There  was  no  special  business  to  come  before  the  meeting,  and 
the  President  called  at  once  upon  Mr.  A.  0.  Doane,  Division 
Engineer,  Metropolitan  Water  and  Sewerage  Board,  Boston,  to 
read  his  paper  on  "  Water  Pressure  Regulators."  The  subject  was 
discussed  by  Messrs.  William  Ross,  Frank  L.  Northrup,  and 
George  A.  Caldwell,  representing  the  manufacturers,  and  by 
Messrs.  Edwin  C.  Brooks,  Freeman  C.  Coffin,  Charles  N.  Taylor, 
and  F.  I.  W^inslow. 

Mr.  Frank  H.  Crandall,  chairman  of  the  Committee  on  Private 
Fire  Services,  submitted  a  report  in  behalf  of  the  committee, 
which  was  accepted  and  adopted  by  the  association.  The  sub- 
ject was  discussed  by  Messrs.  John  C.  Chase,  Edward  V.  French, 
J.  C.  Hammond,  Jr.,  Charles  W.  Sherman,  Charles  K.  Walker, 
Frank  C.  Kimball,  Horace  G.  Holden,  Charles  N.  Taylor,  R.  C.  P. 
Coggeshall,  George  H.  Snell,  and  Frank  L.  Fuller.  Mr.  French, 
in  the  course  of  his  remarks,  made  an  appropriate  allusion  to  the 
death  of  Mr.  Edward  Atkinson. 

The  subject  announced  for  topical  discussion  was  "  Electroly- 
sis." The  discussion  was  opened  by  Mr.  Edwin  C.  Brooks,  of 
Cambridge.  He  was  followed  by  ]\Iessrs.  William  E.  Foss,  John 
A.  Gould,  T.  C.  Gleason,  R.  C.  P.  Coggeshall,  A.  N.  French, 
Edward  V.  French,  and  George  E.  Winslow. 

On  motion  of  Mr.  Brooks,  adjourned. 


Annual  Meeting. 

Hotel  Brunswick, 
Boston,  January  10.  1906. 
The  President,  Mr.  George  Bowers,  in  the  chair. 
The  following  members  and  guests  were  present : 
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Members. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  H.  K.  Barrows,  G.  W.  Batchel- 
der,  George  Bowers,  E.  C.  13rooks,  G.  A.  P.  Bucknam,  James  Burnie,  E.  J. 
Chadbourne,  John  C.  Chase,  W.  F.  Codd,  F.  C.  Coffin,  R.  C.  P.  CoggeshaU, 
M.  F.  Collins,  W.  R.  Conard,  J.  H.  Cook,  G.  K.  Crandall,  John  Doyle,  E.  R. 
Dyer,  G.  E.Evans,  F.L.  Fuller,  J.  C.  Gilbert,  A.  S.  Glover,  J.  W.  Griffin, 
R.  A.  Hale,  J.  O.  Hall,  J.  C.  Hammond,  Jr.,  J.  D.  Hardy,    H.  G.  Holden, 

E.  AV.  Kent,  Willard  Kent,  F.  C.  Kimball,  G.  A.  King,  Horace  Kingman, 
C.  F.  Knowlton,  J.  W.  Locke,  M.  O.  Eeighton,  S.  H.  McKenzie,  Hugh  McLean, 
H.  V.  Macksey,  D.  E.  Makepeace,  A.  E.  Martin,  W.  E.  Maybury,  John  Mayo, 
A.  S.  Merrill,  F.  E.  Merrill,  H.  A.  Miller,  T.  W.  Norcross,  E.  B.  Phelps,  W.  W. 
Robertson,  S.  P.  Senior,  C.  W.  Sherman,  Sidney  Smith,  G.  H.  Snell,  G.  A. 
Stacy,  J.  T.  Stevens,  W.  F.  Sullivan,  W.  M.  Stone,  L.  A.  Taylor,  R.  J.  Thomas, 
W.  H.  Thomas,  W.  H.  Vaughn,  R.  S.  Weston,  W.  J.  Wetherbee,  J.  C.  Whitney, 

F.  B.  Wilkins.  G.  E.  Winslow,  E.  T.  Wiswall.  —  69. 

Honorary  Members. 
William  T.  Sedgwick.  —  1. 

.VSSOCIATES. 

Chapman  Valve  Mfg.  Co.,  by  Edw.  F.  Hughes;  Charles  A.  Claflin  &  Co.,  by 
Charles  A.  Claflin;  Henry  A.  Desper;  M.  J.  Drummond  &  Co.,  by  Walter  J. 
Drummond;  The  Fairbanks  Co.,  by  F.  A.  Leavitt;  Fred  C.  Gifford;  Hersey 
Mfg.  Co.,  by  Albert  S.  Glover,  J.  A.  Tilden,  F.  A.  Smith;  Lead  Lined  Iron 
Pipe  Co.,  by  T.  E.  Dwyer:  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H. 
Mueller  Mfg.  Co.,  by  George  A.  Caldwell;  Neptune  Meter  Co.,  by  H.  H. 
Kinsey;  National  Meter  Co.,  l)y  C.  H.  Baldwin  and  J.  G.  Lufkin;  Perrin, 
Seamans  &  Co.,  by  C.  E.  Godfrey;  The  Piatt  Iron  Works  Co.,  by  F.  H.  Hayes; 
Rensselaer  Mfg.  Co.,  by  F.  S.  Bates  and  C.  L.  Browai;  Ross  Valve  Co.,  by 
Wm.  Ross;  A.  P.  Smith  Mfg.  Co.,  by  D.  F.  O'Brien  and  F.  N.  Whitcomb; 
Thomson  Meter  Co.,  by  S.  D.  Higley;  Union  Water  Meter  Co.,  by  F.  L. 
Nortlirop,  W.  F.  Hogan,  Edw.  P.  King;  R.  D.  AVood  &  Co.,  by  W.  F.  Wood- 
burn;  Water  Works  Equipment  Co.,  by  W.  H.  Van  Winkle.  —  28. 

Guests. 

Patrick  Gear,  Asst.  Supt.,  Holyoke,  Mass.;  F.  P.  Webster,  Supt.,  Lakeport, 
N.  H.;  Eugene  F.  Garvey,  Engr's  Dept.,  Worcester,  Mass.;  A.  R.  McCollum, 
Supt.,  Whitman,  Mass.;  F.  W.  Holden,  Norton,  Mass.;  J.  F.  Gleason,  Supt., 
(Juincy,  Mass.;  C.  B.  Breed,  Boston,  Mass.;  Mr.  Pratt,  Portland,  Conn. —  8. 

[Names  counted  twice.  —  3.] 

The  following  named  were  elected  to  membership: 
Active.  — A.  R.  McCallum,  Superintendent  of  Whitman  Water 
Works,  Whitman,  Mass.;    Eugene  F.  Garvey,  Civil  Engineer  on 
Water  Works  Construction  for  the  city  of  Worcester,  Worcester, 
Mass.;    Claude  L.  Howes,  Engineer,  Boston,  Mass. 
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Associate.  —  The  Anderson  Coupling  Company,  Water  Works 
Supplies,  Portland,  Conn. 

President  Bowers  then  delivered  tiic  following  address: 

President's  Addrkss. 

Gentlemen  of  the  New  England  Water  Works  Association,  — 
Another  year  has  passed  away,  and,  as  is  our  custom,  we  will 
review  our  year's  work,  or,  as  our  M.  I.  T.  friends  across  the 
street  would  say,  take  our  annual  examination. 

Our  first  meeting  of  the  year,  January  11,  was  Ladies'  Day, 
when  we  went  on  a  personally  conducted  tour  with  our  former 
president,  Mr.  Desmond  FitzGerald,  through  the  Philippines. 
By  means  of  his  fine  lantern  slides  he  showed  us  the  present 
water  works  at  Manila,  and  explained  what  it  is  intended  to  do 
there  in  the  future.  He  also  showed  pictures  of  the  people  and 
their  mode  of  living,  closing  a  most  interesting  lecture  with  a 
series  of  beautiful  views. 

In  February,  we  learned  from  Mr.  Harve}^  D.  Eaton  what  one 
man  by  persistent  effort  could  accomplish  in  the  way  of  securing 
municipal  ownership  of  water  supply,  in  the  Kennebec  water 
district.  By  combining  several  towns  into  a  common  water 
district,  he  has  practically  overthrown  the  old  idea  that  town 
lines  must  always  be  recognized  in  constructing  water  works. 
This  appears  to  be  a  movement  in  the  right  direction.  Valuable 
papers  were  read  by  Mr.  George  C.  Whipple  and  Dr.  E.  C.  Levy 
on  "  The  Kennebec  Valley  Typhoid  Fever  Epidemic  of  1902 
and  1903,"  showing  conclusively  that  if  people  drink  polluted 
water  they  must  suffer  the  consequences.  These  papers  were  a 
very  good  preparation  for  wdiat  was  to  follow  at  the  next  meeting, 
which  was  held  in  March.  At  that  time  Prof.  Erastus  G.  Smith 
explained  the  conditions  existing  along  the  Mississippi  River, 
where  that  water  is  used  as  a  means  of  supply,  and  the  reckless 
manner  in  which  the  cities  on  its  banks  pollute  the  water.  From 
our  own  experience  in  the  East,  we  know  the  terrible  effects  that 
are  sure  to  follow  such  inexcusable  carelessness. 
.  At  the  March  meeting,  also,  a  paper  was  read  by  Mr.  William 
F.  Sullivan  on  "  Tests  of  Large  Meters  and  Fire  Service  Devices," 
in  which  he  showed  that  the  large  volume  of  water  used  in  the 
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fire  service  could  be  measured  without  lessening  its  effectiveness. 
The  insurance  members  disagreed  with  Mr.  Sullivan,  and  promised 
to  announce  later  the  results  of  their  own  experiments  on  this 
subject;  they  did  so  in  September,  when  Mr.  E.  V.  French  re- 
ported what  the}-  had  done  and  stated  that  they  were  convinced 
that,  by  a  suitable  device,  the  water  could  be  measured  without 
detriment  to  the  fire  protection.  This  problem Tias  been  before 
the  association  for  several  years,  and  its  solution  should  be  a 
matter  of  general  congratulation. 

The  invitation  from  the  water  commissioners  of  Attleboro, 
through  Mr.  George  H.  Snell,  superintendent,  to  visit  that  place 
for  our  June  outing  and  inspect  the  reinforced  concrete  stand- 
pipe  then  in  process  of  construction,  was  accepted.  On  the 
arrival  at  that  place  of  our  party  of  153,  we  found  automobiles 
waiting  to  carry  us  to  the  standpipe,  which  is  some  distance 
from  the  center  of  the  town.  The  work  here  was  examined 
with  a  great  deal  of  interest,  but  I  shall  not  attempt  to  describe 
it,  as  Mr.  Snell  has  promised  to  give  us  a  paper  on  that  subject 
later  on.  After  stopping  a  short  time  to  admire  the  magnificent 
view,  we  were  carried  to  the  pumping  station,  where  we  found 
a  thoroughly  up-to-date  plant,  of  which  the  citizens  of  Attleboro 
may  well  feel  proud.  Entering  the  automobiles  once  more,  we 
were  taken  back  to  the  town  at  a  rate  that  led  us  to  judge  that 
the  speed  limit  law  was  a  thing  unknown  to  Attleboro  chauffeurs. 
After  enjoying  a  fine  dinner,  provided  by  our  hosts,  we  were  shown 
through  several  of  the  silver  manufactories  for  which  this  place 
is  noted.  Thus  ended  one  of  our  most  enjoyable  summer 
outings. 

September  11,  we  left  Boston  for  our  Annual  Convention, 
which  was  held  this  year  in  New  York  City.  From  first  to  last 
this  convention  was  a  grand  success.  The  meetings  were  well 
attended,  the  papers,  which  I  will  not  enumerate  separately,  inter-r 
esting  and  instructive,  and  the  discussions  which  followed,  general 
and  exhaustive.  With  575  guests  to  attend  to,  the  office  of  the 
Entertainment  Committee  was  no  sinecure.  An  automobile  ride, 
a  visit  to  the  Hippodrome,  a  trip  to  Coney  Island,  a  ride  through 
the  subway,  and  a  day  at  the  Croton  Dam  were  among  the  attrac- 
tions provided  us.     The  thanks  of   this  association  are  certainly 


pro("f:ki)ing8.  103 

due  the  Committee  on  Arrangements  and  their  sub-committees, 
whose  efficient  work  made  this  in  every  respect  the  record-break- 
ing convention  of  our  society. 

At  the  November  meeting,  introductory  papers  on  the  "  Present 
Relative  Responsibility  of  Public  Water  Supplies  and  Other 
Factors  in  the  Causation  of  Typhoid  Fever  "  were  read  by  Dr. 
W.  T.  Sedgwick  and  Prof.  C.-E.  A.  Winslow,  explaining  the  various 
causes  of  typhoid  epidemics.  Then  followed  papers  by  Mr.  E.  E. 
Lochridge  and  Dr.  George  B.  Magrath  on  the  Springfield,  Mass., 
typhoid  epidemic,  which  was  originally  supposed  to  be  caused 
b}'  the  water,  but  was  readily  traced  by  them  to  unsanitary  con- 
ditions, showing  negligence  on  the  part  of  the  board  of  health 
instead  of  the  water  board. 

In  December,  Mr.  A.  0.  Doane  read  a  paper  on  "  Water  Pressure 
Regulators,"  which  was  fully  discussed.  The  report  of  the  Com- 
mittee on  Private  Fire  Services  was  read;  this  was  followed  by 
the  discussion  which  this  subject  always  brings  out.  Mr.  Edwin 
C.  Brooks  exhibited  a  piece  of  cast-iron  water  pipe,  several  feet 
long,  showing  in  a  marked  degree  the  effect  of  electrolysis,  and 
explained  the  difference  in  the  appearance  of  the  pipe  when  taken 
from  the  ground  and  after  several  months'  exposure  to  the  atmos- 
phere, and  a  general  discussion  on  this  subject  followed. 

That  these  meetings  have  been  appreciated  is  shown  by  the 
large  attendance  throughout  the  year,  and  the  increase  of  our 
membership  from  604,  January  1,  1905,  to  645  at  the  present 
time. 

We  have  sustained  a  great  loss  during  the  year  in  the  death  of 
five  active  members,  Edward  Atkinson,  Henry  A.  Cook,  Frank 
L.  Fales,  August  Fels,and  A.  G.  Pease,  and  one  associate  member, 
Edward  Robinson. 

Our  headciuarters  at  Tremont  Temple  have  been  enlarged  by 
the  addition  of  two  rooms,  so  that  we  now  have  plenty  of  room 
for  social  intercourse  before  our  meetings,  and  a  separate  room 
where  the  Executive  Committee  can  hold  its  sessions  undisturbed. 
We  have  just  obtained  a  lease  for  a  term  of  three  years  from  the 
Boston  Society  of  Civil  Engineers  at  the  same  price  paid  before 
the  additional  rooms  were  secured.  We  feel  sure  that  the  members 
of  this    association  will  appreciate  these  convenient  rooms  and 
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also  the  excellent  lil)rary,  and  we  hope  the^^  will  use  them 
freely. 

This  association  has  always  been  well  to  the  front  in  the  dis- 
cussion of  matters  within  its  sj^here,  its  papers  being  the  first 
brought  out  on  many  important  subjects.  It  has  been  a  director 
in  many  advanced  ideas  for  the  care  and  protection  of  water  sup- 
plies, so  that  at  the  present  time  most  of  the  water  supplies  in 
this  vicinity  are  of  good  quality.  Having  secured  good  water, 
we  should  now  exert  ourselves  to  put  a  stop  to  the  enormous  waste 
of  water  which  is  going  on  around  us.  I  was  very  glad  to  see  that 
Mayor  John  F,  Fitzgerald,  in  his  inaugural  address,  recommended 
the  use  of  water  meters  in  Boston  to  remedy  this  evil,  and  I  think 
his  efforts  in  this  direction  should  receive  the  support  of  our  asso- 
ciation. Fears  are  entertained  that  an  additional  water  supplj^ 
for  Boston  will  be  needed  before  long,  and  that  some  towns  with 
their  water  supply  will  be  seized,  with  the  result  that  a  new  lake 
will  make  its  appearance  on  the  map.  Such  action  should  not 
be  allowed  while  water  is  being  wasted  so  needlessly,  and  should 
be  guarded  against  by  all  the  property  owners  of  the  state. 

In  conclusion,  I  should  like  to  say  a  word  about  the  Journal, 
which,  under  the  management  of  its  energetic  editor,  is  steadily 
increasing  in  value.  The  December  number  just  issued,  which 
contains  a  record  of  the  copper  sulphate  discussion,  will  rank 
with  any  scientific  magazine  of  the  day. 

All  information  in  regard  to  membership  and  finance  will  be 
contained  in  the  reports  of  the  Secretary  and  Treasurer,  which 
follow  immediately. 

I  wish  to  thank  you  for  the  cordial  manner  in  which  you  have 
supported  me  during  the  year,  and  to  congratulate  the  associa- 
tion on  the  loyalty  of  its  members. 

Report  of  Secretary. 
The  Secretary  submitted  the  following  report : 

Membership. 

The  total  nipiiibership  of  the  association,  Jamiarv  1,  190.5    was   .    .  604 

The  present  membership  is 645 

A  net  increase  durino;  the  year  of 41 
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MEMBEHS. 

Jamuuv  1,  1905.     Total  ineinbens 538 

^  Withdrawals: 

Resigned 8 

Died 5 

Dropped 50     63 

475 
Initiations : 

January 4 

Febrnar}- 6 

March 5 

June 12 

September 57 

November 18 

December      3  105 

Reinstated 4     584 

HOXORARV    iMEMBERS. 

January  1,  1905.     Honorary  members 8 

January  1,  1906.     Honorary  members 8 

ASSOCIATES. 

January  1 ,  1905.     Total  associates 58 

Withdrawals: 

Resigned 2 

Died 1 

Dropped 5       8 

50 
Initiations: 

February   1 

September 2       3       53 

January  1.  1906.     Total  memliership 645 

Summary  of  Receipts  and  Disbursements  of  the  New  England  W.\ter 
Works  Association  for  the  Year  1905. 

receipts. 

Dues $2  685.00 

Advertisements 1  886.25 

Initiations       , 410.00 

Sundries 127.42 

Subscriptions 126.50 

Journals      103.05 

$5  338.22 
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DISBURSEMENTS. 

Journal  * S2  072.04 

Stationery       448.98 

A.ssistant  Secretary 420.00 

Rent 400.00 

Reprints  and  advance  copies  of  papers 303.31 

Sundry 302.96 

Advertising  Agent 300.50 

Editor 300.00 

Stenograi)her 240.75 

Secretary 200.00 

Membership  list 127.83 

Music 120.00 

Badges 65.00 

Furniture 34.00 

Stereopticon 20.00 

Library   .......  15.00 

Total S5  370.37 

Expenditures  in  excess  of  receipts $32.15 

At  the  present  time  there  is  due  the  association: 

For  advertisements S510.00 

For  reprints 6.50 

For  standard  specifications .40 

For  Journals      5.00 

$521.90 
T  know  of  no  outstanding  bills  against  the  association. 
Respectfully  submitted, 

WILLARD    KENT,    Secretary. 

On  motion  of  Mr.  M.  F.  Collins  the  report  of  the  Secretary  was 
accepted  and  ordered  to  be  placed  on  file. 

Report  of   Treasurer. 
The  Treasurer  submitted  the  following  as  his  annual  report: 


*  Including  printing  and  illustrating  only.  —  Ed. 
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PROCEEDINGS. 


190.5. 
Jauuarv 


February     4 


21 

28 


DETAILED    STATEME.VT    OF    BILLS    PAID. 

6     Miss  J.  M.  Ham,  ass't  sec'v,  Deceml)er,  1904,  salary,  $3.5.00 

IMiss  J.  M.  Ham,  ass't  sec'y,  express,  postage,  etc.,  6.21 

24     William  E.  Whittaker,  tracings 6.00 

Annie  H.  Virtue,  music  for  January  meeting    .    .    .  60.00 

Thomas  P.  Taylor,  stereopticon      10.00 

W.  N.  Hughe.s,  hook,  dues  190.5 6.00 

U.  C.  P.  Coggeshall,  pxpen.se  auditing  accounfs   .    .  4.2.5 

William  AV.  Robinson,  expense  auditing  afoouuts   .  4.50 

27     W.  N.  Hughes,  envelopes  and  cards 12.75 

Hub  Engraving  Company,  plates 5.80 

Miss   J.  M.  Ham,  ass't   sec'y,  .salary    for    January, 

1905 ,35.00 

Miss  J.  M.  Hani,  ass't  sec'y,  ca.sh  paid  for  express, 

etc 13.96 

L.  M.  Bancroft  &  Son,  treasurer's  bond 15.00 

Miss  J.  M.  Ham,  ass't  sec'y,  .salary  for  February   .  35.00 
Miss  J.  M.  Ham,  ass't  sec'y.  Committee  on  Meter 

Rates 6.50 

W.  N.  Hughes,  envelopes  and  printing 22.25 

Hub  Engraving  Company,  plates 13.28 

March     2     Daggett's  Orchestra,  music,  February  meeting    .    .  15.00 

11     D.  Gillies'  Sons,  stationery  and  printing 64.81 

Boston  Society  of  Civil  Engineers,  rent  to  February 

28 100.00 

31     Thomas  P.  Taylor,  stereopticon      10.00 

Daggett's  Orchestra,  music,  March  meeting      .    .    .  15.00 

Charles  W.  Sherman,  salary  and  expenses  to  April  1,  91.00 

Hvib  Engraving  Company,  plates 19.48 

April  10     Hub  Engraving  Company,  plates 2.25 

W.  N.  Hughes,  binding 5.00 

Bacon  &  Burpee,  reporting  January,  Felmiary,  and 

March  meetings      40.00 

Miss  J.  M.  Ham,  ass't  sec'}',  salary  for  March   .    .    .  35.00 
May     3     Samuel  Usher,  printing  March  Journal,  reprints, 

and  lists  of  members 599.73 

R.   J.  Thomas,  advertising  agent,   commissions   to 

April  1 74.,50 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  April    .    .    .  35.00 

Willard  Kent,  secretary,  salary  to  April  1 50.00 

Willard  Kent,  secretary,  sundry  expen.ses    ....  53.90 

June     1     D.  Gillies'  Sons,  applications 7.75 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  May   ....  35.00 

Amoinit  carried  forward $1  544.92 
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June   10 


17 
26 


July     5 


18 

26 

August  l-t 

25 
30 

September    6 
18 


30 


October     3 


10 

17 

31 

November    3 

7 

16 


Amount  brought  forward $1  544.92 

Hub  Engraving  Company,  plates 3.60 

A\'.  N.  Hughes,  envelopes  and  printing 55.00 

Charles  W.  Sherman,  editor,  salary  and  expenses  to 

July  1       83.25 

Boston  Society  of  Civil  Engineers,  rent  to  May  31    .  100.00 

W.  N.  Hughes,  envelopes  and  printing 45.58 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  June   .    .    .  35.00 
R.  J.  Thomas,  advertising  agent,  commissions  to 

July  1 75.75 

D.  Gillies'  Sons,  printing      17.00 

^\'illard  Kent,  secretary,  .salar}-  to  July  1      .    .    .    .  50.00 

Willard  Kent,  secretary,  sundry  expenses    ....  15.00 

Samuel  Usher,  June  Journal  and  reprints  ....  305.45 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  July    .    .    .  35.00 

W.  N.  Hughes,  printing 3.50 

S.  E.  Tinkham,  cash  paid  for  cleaning  books    .    .    .  4.00 

Hub  Engraving  Company,  plates 14.80 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  August  .    .  35.00 

Miss  J.  M.  Ham,  ass't  sec'y,  sundry  expense  item.s,  37.84 

W.  N.  Hughes,  printing 5.00 

American  Society  of  Civil  Engineers,  binding  .    .    .  6.00 

Charles  .W.   Sherman,  editor,  salary  to   October   1,  75.00 

Charles  W.  Sherman,  editor,  sundrj-  expenses     .    .  7.65 

Samuel  Usher,  reprints 58.81 

Hub  Engraving  Company,  plat-es 95.19 

Whitehead  &  Hoag  Company,  badges 65.00 

The  Globe- Wernicke  Company,  bookcases    ....  34.00 

William  E  .Whittaker,  tracings 3.00 

Miss  J.  M.  Ham,  a.ss't  sec'y,  salary  for  September  .  35.00 
Miss  J.  M.  Ham,  ass't  sec'y,  sundry  expenses  .  .  .  74.00 
Willard  Kent,  secretary,  salai'v  to  October  1  .  .  50.00 
Willard  Kent,  secretary,  -sundry  expenses  ....  10.00 
Bacon  &  Burpee,  reporting  New  York  Con- 
vention      141.50 

D.  Gillies'  Sons,  printing      52.85 

Boston  Society  of  Civil  Engineers,  rent  to  .\.ugust  31 ,  100.00 

Hub  Engrav-ing  Company,  plates 37.01 

W.  N.  Hughes,  printing 23.00 

W.  N.  Hughes,  printing 5.00 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  Octolier   .    .  35.00 

Hub  Engraving  Company,  plates 20.37 

W.  N.  Hughes,  printing 12.00 

Hub  Engraving  Company,  plates 4.60 

Amount  carried  forward $3  410.67 
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Amount  brought  forward $3  410.67 

D.  Gillies'  Sons,  printing      16.50 

November  22     R.  J.  Thomas,  advertising  agent,  commissions  to 

November  1 76. .50 

December     5     Samuel  Usher,  September  Journal  and  reprints  515.30 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  November  .  35.00 

W.  N.  Hughes,  printing 2.00 

15     Hub  Engraving  Company,  plates 10.02 

Miss  J.  M.  Ham,  ass't  sec'y,  salary  for  December  .  35.00 
Miss  J.  M.  Ham,  ass't  sec'y.  Committee  on   Meter 

Rates 3.50 

Miss  J.  M.  Ham,  ass't  sec'y,  sundry  expenses    .    .  21.38 

D.  Gillies'  Son.s,  printing      26.95 

Charles  W.  Sherman,  editor,  salary  to  December  31,  75.00 

Charles  W.  Sherman,  editor,  sundry  expenses      .    .  10.65 

18     W.  N.  Hughes,  printing 7.75 

Willard  Kent,  secretary,  salary  to  December  31      .  50.00 

Willard  Kent,  secretary,  sundry  expenses     ....  74.40 
23     Boston  Society  of  Civi]  Engineers,  rent  to  November 

30 100.00 

26     Samuel  U.sher,  reprints 69.50 

Bacon  &  Burpee,  reporting  November  and  December 

meetings      59.25 

Frank  E.  Merrill,  expenses  account  September  con- 
vention      13.47 

30     ^^^  N.  Hughes,  dues  book 6.00 

R     J.    Thomas,  advertising  agent,  commissions  to 

December  3 73.75 

Samuel  Usher,  December  Journ.\l 688.99 

$5  411.58 

On  motion  of  Mr.  Tig  he  the  report  of  the  Treasurer  was  accepted 
and  ordered  placed  on  file. 
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Report  of  Editor. 

The  Editor  submitted  the  following  report: 

Januaky  10,  1906. 

To  the  New  England  Water  Works  Association, — -The  i'ollowiiip;  is  my 
report  as  Editor  of  the  Journal  for  the  year  1905. 

The  accompanying  tables  show  in  detail  the  amount  of  material  in  tlie 
Journal,  the  receipts  and  expenditures,  and  a  comparison  with  the  five 
preceding  volumes. 

TABLE  Xo.  1. 

Statement  op  Material  in  Volume  XIX,  Journal  of  the  New  England 

Water  Works  Association,  1905. 


Number  op  Pages  of 

Date  of  Issue. 
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5 
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3 

Total 

516 

71 

587 

8 

124 

16 

49 

784 

30 

TABLE  No.  2. 
Receipts  and  Expenditures  on  Account  of  Volume  XIX,  Journal  of 
THE  New.  England  Water  Works  Association,  1905. 


Receipts. 


Expenditures. 


From  advertisements  . 
From  sale  of  Journals 
From  sale  of  reprints  . 
From  subscriptions 


Net  cost  of  Journal    . 


$1  886.25 

103.05 

77.90 

126..50 


$2  193.70 


$1  072.95 


$3  266.65 


For  printing  Journal     .    .  $1  836.64 

For  preparing  illustra- 
tions         235.40 

For  editor's  salary   ....  300.00 

For  editor's  incidentals    .    .  50.05 

For      advertising      agent's 

commissions      ....  300.50 

For  reporting 240.75 

For  reprints   and   advance 

copies 303.31 

Gross  cost  of  Journal  .    .  $3  266.65 
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I  submit  also  a  diagram  showing  the  principal  statistics  of    the  Associa- 
tion from  its  formation  to  the  present  time. 

New  England  Water  Works  Associatioai 


Principal    Statistics 
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The  December,  1905,  issue  contained  28.08  pages  of  paid  advertisements, 
which,  if  maintained  throughout  a  year,  would  mean  an  annual  income  from 
this  source  of  $1  985.00.  A  year  ago  the  figures  were  27.92  pages  and  $1  935.00, 
showing  a  slight  increase  during  the  year. 

The  unusual  size  of  the  present  volume  of  the  Journal  is  worthy  of  note. 
This  is  largely  due  to  the  volume  of  the  papers  presented  at  the  New  York 
Convention,  and  is  a  testimonial  principally  to  the  activity  of  the  local  com- 
mittee on  program,  of  which  Mr.  George  W.  Fuller  was  chairman.     As  regards 
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quality,  the  papers  speak  for  themselves.     There  certainly  has  been  no  reduc- 
tion in  the  average  quality  of  the  papers  published  during  the  year. 

The  total  cost  of  illustrations  in  the  Jourxal  for  the  j-ear  has  been  $428.60, 
or  13.1  per  cent,  of  the  gross  cost  of  the  Journal.  This  includes,  in  .some  cases, 
preparation  of  drawings,  and  in  all  cases  making  cuts  and  printing  the  illus- 
trations. For  the  preceding  volume  the  illustrations  cost  8300.83,  which  was 
10.3  per  cent,  of  the  gross  cost  of  the  volume.  The  increa.se  during  the  present 
year  has  been  largely  due  to  the  cost  of  making  and  pnntmg  cuts  to  illustrate 
one  or  two  papers,  which  papers,  however,  were  of  special  interest  and  A'alue 
and  with  which  the  illustrations  were  indispensable. 

The  usual  fifty  reprints  of  papers  have  been  furnished  to  authors  without 
charge;  advance  copies  of  a  few  of  the  papers  presented  have  also  been 
printed,  which  has  made  the  item  for  reprints  and  advance  copies  considerably 
greater  than  usual.  It  is  to  be  hoped  that  it  may  be  possible  in  the  near  future 
to  print  all,  or  at  least  the  greater  part,  of  the  papers  to  be  presented  before 
the  association  in  advance,  in  order  to  allow  more  time  for  discussion  and  to 
make  it  possible  to  prepare  discussions  in  advance.  Up  to  the  pre.sent,  how- 
ever, it  has  not  been  possible  to  secure  many  of  the  papers  before  the  time 
of  presentation.  The  net  cost  to  the  association  of  the  reprints  and  advance 
copies  has  been  $9.80  for  each  of  the  twenty-three  papers  published  during 
the  year. 

The  pre.sent  circulation  of  the  Journal  is: 

Members  (all  grades) 645 

Subscribers 44 

Exchanges 16 
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During  the  }ear  pipe  specifications  have  been  sold  to  the  amount  of  $28.70. 
A  year  ago  we  had  a  net  gain  of  $28  from  this  source,  so  that  at  the  present 
time  we  have  received  $56.70  more  than  the  expense  of  printing  these  speci- 
fications.    The  association  still  has  on  hand  a  fair  supply  of  the  specifications. 

I  know  of  no  outstanding  bills  against  the  association  on  account  of  the 
Journal. 

Respectfully  submitted, 

CHARLES  W.    SHERMAN,  Editor. 

Oil  motion  of  Mr.  Chase  the  report  was  accepted  and  ordered 
placed  on  file. 


Report  of  the  Finance  Committee. 
Mr.  W.  W.  Robertson,  cliairman,    submitted  the  following  as 


the  report  of  Finance  Committee. 
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IkjSTOx,  Mass.,  January  G,   190G. 

To  the  Members  of  the  Neir  England  Water  Works  Association,  —  Wo,  the 
undersigned  members  of  the  Finance  Connnittee  of  this  association  for  the 
past  year,  met  this  day  at  the  headquarters  of  this  association  at  Tremont 
Temple  in  this  city,  and  proceeded  as  i'oUows: 

We  first  examined  the  Secretarj-'s  cash  book,  verified  the  additions,  and 
found  the  total  receipts  as  stated  therein  to  be  correct  and  to  the  amount 
of  $5  338.22,  which  amount  the  Secretary-  has  transmitted  to  the  Treasurer, 
and  holds  the  receipt  of  the  latter  therefor.  In  the  Secretary's  report  the 
amount  uncollected  from  advertisements  is  seemingly  large.  It,  however, 
is  due  to  the  fact  that  bills  for  same  could  not  be  issued  until  the  December 
issue  of  the  Journal  had  been  delivered.  Sufficient  time  has  not  since 
elapsed  to  make  the  collection  of  this  account. 

An  examination  of  the  Treasurer's  account  shows  that  it  agrees  with  that 
of  the  Secretary  in  the  amount  received,  viz.,  $5  338.22.  We  have  checked 
every  item  in  his  entries  of  disbursements,  amounting  to  $5  411.58,  and  find 
each  item  properly  approved  and  secured  by  vouchers.  We  have  checked 
the  Treasurer's  statement  of  balance  on  hand  January  6,  1906,  $2  888.73, 
by  examining  his  bank  account,  and  find  the  same  to  be  correct. 

We,  therefore,  as  the  result  of  this  examination  vouch  for  the  accuracy  of 
statements  contained  in  the  reports  of  the  Secretary  and  Treasurer,  which  are 
submitted  to  j'ou  this  day. 

Your  committee  feels  that  the  association  is  to  be  congratulated  in  having 
its  financial  affairs  administered  by  such  competent  officials  as  are  now  in 
charge  of  same.  The  books  show  a  large  amount  of  detail,  which  is  rapidly 
increasing  in  bulk  each  year.  By  far  the  larger  portion  of  this  increase  in 
work  falls  upon  our  present  efficient  Assistant  Secretary,  Miss  J.  M.  Ham, 
whose  books  we  found  in  an  exceedingly  creditable  and  neat  condition.  For 
some  time  Miss  Ham  has  been  receiving  a  salary  of  $35  per  month.  We 
think  it  only  just  that  we  should  recognize  the  fact  of  her  largely  increased 
duties,  due  to  the  growth  of  the  association.  We  therefore  earnestly  recom- 
mend that  from  this  date  onward  IMiss  Ham's  salary  be  increased  to  $45  per 
month. 

Respectfully  submitted, 

W.  W.  ROBERTSON, 
R.  C.  P.  COGGESHALL, 
HARRY  L.  THOMAS, 

Finance  Committee. 


On  motion  of  Mr.  R.  J.  Thomas  the  report  of  the  committee 
was  accepted  and  that  portion  of  it  referring  to  an  increase  of 
salary  of  the  Assistant  Secretary  was  referred  to  the  Execntive 
Committee. 
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Election  of  Officers, 
(report  of  tellers  of  election.) 

Boston,  Mas^.,  January  10,  1906. 
Mr.  President,  —  The  tellers  appointed  to  canvass  the  ballots 
for  the  election  of  officers  of  the  New  England  Water  Works  Asso- 
ciation, for  the  year  1906,  beg  leave  to  report  as  follows: 

Whole  number  of  votes  cast,  214. 

For  President. 

*  William  T.  Sedgwick,  Boston,  Mass 214 

For  Vice-Presidents. 

*J.  Waldo  Smith,  New  York,  N.  Y 211 

*Cyrus  M.  Lunt,  Lewiston,  Me 209 

*Frank  a.  Andrews,   Nashua,  N.  H 212 

*JoHN  C.  Chase,  Derry,  N.  H 210 

^Frederick  W.  Gow,  "Medford,  Mass 212 

*  Joseph  M.  Birmingham,  Hartford,  Conn 210 

George  H.  Snell,  Attleboro,  Mass 1 

George  A.  King,  Taunton,  Mass 1 

For  Secretary. 

*WiLLARD  Kent,  Narragansett  Pier,  R.I 212 

tJ.  M.  Ham 1 

For  Treasurer. 
*Lewis  M.  Bancroft,  Reading,  Mass ._    .      211 

For  Editor. 
*Charles  W.  Sherman,  Boston,  Mass 212 

For  Advertising  Agent. 
*Robert  J.  Thomas,  Lowell,  Mass 212 

For  Additional  Members  of  Executive  Committee. 

*Frank  E.  Merrill,  Somerville.  Mass 212 

*George  a.  Stacy,  Marlboro,  Mass 213 

*James  L.  Tighe,  Holyoke,  Mass 212 

For  Finance  Committee,  Three. 

*Harry  L.  Thomas,  Hingham,  Mass 213 

*William  E.  Mayberry,  Braintree,  Mass 213 

*Arthur  D.  Marble,  LawTence,  Mass 214 

Respectfully  submitted, 

WILLIAM  F.  SULLIVAN, 
GEORGE  A.  KING, 

Tellers. 


*  Elected.  t  Ineligible. 
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The  President  announced  the  election  of  the  various  officers 
as  shown  by  the  return  of  the  tellers  and  then  presented  to  the 
Association  as  its  next  president,  "  a  man  you  all  know  and 
whom  you  all  love,  a  man  who  has  done  as  much  for  the  associa- 
tion as  any  other  member,  Professor  Sedgwick."  [Applause.] 
Professor  Sedgwick  responded  as  follows: 

Mr.  President  and  Fellow  Members,  —  When,  a  little  over  a 
year  ago,  you  were  kind  enough  to  elect  me  an  honorary  member 
of  this  association,  it  seemed  to  me  that  you  had  done  all  and 
more  than  you  ought  to  have  done  for  me.  I  think  I  have  never 
had  a  chance  to  express  my  thanks,  as  I  now  do,  for  that  distin- 
guished honor  at  your  hands.  But  when  in  addition  you  have 
chosen  me  as  your  President  for  the  ensuing  year,  you  have 
indeed  placed  me  under  still  greater  obligation. 

I  should  be  a  very  conceited  person  if  I  supposed  that  in 
doing  this  you  were  conferring  the  distinction  upon  me  alone, 
for  I  know  it  is  rather  upon  the  institution  with  which  I  am 
connected,  and  have  been  for  many  years,  and  upon  my  associates, 
former  students,  and  friends  who  have  been  working  along  the 
same  lines  that  I  as  a  scientific  man  have  been  pursuing.  And 
in  that  spirit,  and  as  a  token  of  your  confidence,  I  have  great 
pleasure  in  accepting,  as  I  now  do,  the  high  honor  which,  in 
another  form,  you  have  for  the  second  time  conferred  upon  me. 

I  believe  in  this  association.  T  have  been  with  you  here  for  a 
good  many  years,  and  I  believe  in  the  work  that  you  are  doing. 
A  man  who  is  a  water-works  superintendent  or  a  water-works 
expert  cannot  be  altogether  a  fool,  and  when  his  friends  and  his 
peers  choose  him  for  a  place  like  this,  it  means  a  great  deal.  We 
have  all  worked  together  for  a  common  end,  the  improvement  of 
one  of  the  great  public  services  of  the  day ;  and  the  growth  of  the 
association,  together  with  its  reputation,  which  has  grown  with 
its  membership,  is  a  sufficient  guarantee  of  the  place  which  it 
now  holds  in  American  professional  life.  This  might  well  ])e 
called  an  association  of  water-works  engineers,  but  it  has  the 
more  modest  title  of  Water  Works  Association;  and  while  limited 
in  name  to  New  England,  it  i-eaches  in  fact,  as  you  know,  all 
over  the  country. 

It  is  one  of  the  delightful  things  of  our  day  that  bodies  of  trained 
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men  arc  getting  together  and  correcting  that  over-speciaHzation 
which  is  so  characteristic  of  our  times,  by  organization,  bring- 
ing together  men  of  kinch'ed  tastes  and  kindred  pursuits.  Our 
constitution  states  that  this  association  is  formed  for  "  the 
advancement  of  knowledge  relating  to  water  works  and  water 
supph^,and  the  encouragement  of  social  intercourse  among  water- 
works men."  We  could  not  possibly  have  a  better  charter  — 
improvement  of  our  knowledge  and  improvement  of  our  acquaint- 
ance, one  with  another.  Let  us  see  to  it  during  the  coming  ^-ear, 
as  we  have  seen  to  it  during  the  years  that  have  gone,  that 
while  adding  to  our  knowledge  we  are  also  adding  to  our  good 
fellowship.  Let  us  look  out  particularly  for  the  man  who  is  off 
in  some  little  place,  facing  problems  which  are  quite  as  difficult 
for  him  as  those  which  confront  men  in  charge  of  bigger  works, 
and  let  us  also  see  to  it  that  the  good  fellowship  element  is  looked 
after  in  his  case,  which  is  often  harder  to  manage  than  the  purely 
professional  problem.  In  view  of  all  the  sj^lendid  work  which  has 
been  done  by  the  association  in  the  past,  in  view  of  the  able 
administrations  under  which  the  association  has  grown  large  and 
strong,  let  us  see  if  in  this  year  which  is  to  come  we  may  not  do 
even  better  work  than  ever  before,  —  better  for  our  science, 
better  for  good  fellowship. 

At  our  meeting  next  month,  as  you  know,  we  are  to  have  the 
ladies  with  us,  and  the  committee  having  charge  of  the  arrange- 
ments for  Ladies'  Day  proposes,  if  its  plans  can  be  carried  out, 
to  furnish  an  unusually  attractive  program.  I  am  happ}'  to  say 
that  Mrs.  Sedgwick  will  be  here  with  me,  and  for  half  an  hour 
or  so  before  we  sit  down  to  dinner  we  will  have  a  little  social 
gathering  and  I  hope  3'ou  will  all  bring  j^our  wives  or  sweethearts 
or  daughters,  for  after  dinner  we  expect  to  have  something  which 
will  be  of  interest  to  all.  I  trust  there  will  be  a  large  attend- 
ance and  that  it  will  be  a  banner  day  among  all  our  ladies'  days. 

Now  I  am  not  going  to  talk  any  longer  at  present.  You  will 
have  to  bear  with  me  for  a  whole  year,  and  therefore  I  will  cut  my 
remarks  short  on  this  occasion,  although  I  will  not  promise  always 
to  do  as  well  in  this  respect.     [Apjilause.] 

The  paper  of  the  afternoon  was  on  "  Water-Works  Construc- 
tion of  the  United  States  Reclamation  Service,"  by  Mr.  M.  0. 
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Leigliton,  hydrographer  in  chare;c,  Division  of  Hydro-Economics. 
It  was  illustrated  by  stereopticon  views.  At  the  close  of  his 
address  Mr.  Leighton  answered  questions  asked  by  Messrs.  Charles 
W.  Sherman.  Frank  L.  Fuller,  John  C  "\A'hitney,,  and  Sidney 
Smith. 

Just  before  the  meeting  adjourned,  ^Ir.  R.  C  P.  Coggeshall  said: 

"  There  is  one  thing  I  want  to  bring  up  at  this  time.  I  was  very 
much  impressed  by  our  President's  modest  resume  of  the  past 
year's  work.  I  know  something  of  what  the  administration  has 
had  in  hand  in  carrying  out  that  work,  and  I  know  how  much  the 
success  of  it  has  been  due  to  our  President.  I  think  it  is  a  good 
plan  to  recognize  such  service  as  he  has  given  us  in  some  formial 
way,  and  I,  therefore,  am  going  to  make  this  motion,  which  I 
shall  ask  the  Secretary  to  put,  that  the  thanks  of  the  association 
be  given  to  George  Bowers,  the  retiring  president,  for  the  excellent 
service  which  he  has  rendered  us  during  the  past  year."  [Loud 
applause.] 

The  motion  was  put  by  the  Secretary  and  adopted  by  a  rising 
vote. 

President  Bowers.  I  thank  you  very  much,  gentlemen,  for 
this  expression  of  your  appreciation  and  good-will. 
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Februaky  Meeting  (Ladies'  Day). 

Hotel  Brunswick. 
Boston,  February  14,  1906. 

Prof.  Wm.  T.  Sedgwick,  President,  in  the  chair. 

The  following  members  and  guests  were  in  attendance : 

Members. 

S.  A.  Agnew,  F.  E.  Appleton,  C.  H.  Baldwin,  G.  W.  Batchelder,  J.  E.  Beal.';, 
George  Bowers,  Fred.  Brooks,  James  Burnie,  F.  H.  Carter,  J.  C.  Chase, 
R.  C.  P.  Coggeshall,  M.  F.  Collins,  J.  H.  Cook,  M.  J.  Doyle,  A.  O.  Doane, 
I.  T.  Farnham,  J.  H.  Flynn,  J.  C.  Gilbert,  A.  S.  Glover,  C.  A.  Hague,  L.  M. 
Hastings,  G.  W.  Hawkes,  H.  G.  Holden,  J.  L.  Howard,  H.  R.  Johnson,  E.  W. 
Kent,  Willard  Kent,  G.  A.  King,  Hugh  McLean,  H.  V.  Macksey,  A.  E.  Martin, 
W.  E.  Maybury,  John  Mayo,  F.  E.  Merrill,  H.  A.  Miller,  AVilliam  Naylor, 
■C.  E.  Peirce,  T.  A.  Peirce,  E.  B.  Phelps,  Dwight  Porter,  W.  H.  Richards, 
•C.  W.  Sherman,  G.  A.  Stacy,  C.  N.  Taylor,  R.  J.  Thomas,  D.  N.  Tower,  W.  H. 
Vaughn,  R.  S.  Weston,  J.  C.  Whitney,  G.  E.  Winslow,  F.  E.  Winsor,  and 
E.  T.  Wiswall.  —  52. 

Honorary  Meaiber. 

W.  T.  Sedgwick. —  1. 

Associates. 

Harold  L.  Bond  &  Co.,  by  Harold  L.  Bond;  Chapman  Valve  Manufacturing 
Company,  by  Edw.  F.  Hughes;  Coffin  Valve  Company,  by  H.  L.  Weston; 
Henry  A.  Desper;  Fred  C.  Gifford;  Hersey  Manufacturing  Company,  by 
Albert  S.  Glover,  J.  A.  Tilden,  W.  A.  Hersey,  and  Wm.  G.  Sherwood;  Inter- 
national Steam  Pump  Companj'-,  by  Samuel  Harrison;  Lead  Lined  Iron  Pipe 
Company,  by  T.  E.  Dwyer;  Ludlow  Valve  Manufacturing  Company,  by  H.  F. 
Gould;  H.  Mueller  Manufacturing  Company,  by  George  A.  Caldwell;  National 
Meter  Company,  by  C.  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Com- 
pany,, bj'  H.  H.  Kinsey;  Perrin,  Seamans  &  Co.,  by  J.  C.  Campbell;  Piatt 
Iron  Works  Company,  by  F.  H.  Hayes;  Rensselaer  Manufacturing  Company, 
by  F.  S.  Bates;  Ross  Valve  Company,  by  Wm.  Ross;  A.  P.  Smith  Manu- 
facturing Company,  by  F.  N.  Whitcomb;  Thomson  Meter  Company,  by 
S.  D.  Higley;  Union  Water  Meter  Company,  by  F.  L.  Northrop  and  W.  F. 
Hogan;  United  States  Cast  Iron  Pipe  and  Foundry  Company,  ]:)y  Frank  W. 
Nevins;  Waldo  Brothers,  by  E.  W.  Clark;  R.  I).  Wood  &  Co.,  by  W.  F. 
Woodburn;  Water  Works  E(iuipment  Company,  by  W.  H.  Van  Winkle.  —  2S. 
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Guests. 
Mrs.  Charles  N.  Taylor,  Mrs.  W.  H.  Vaughn,  Wellesley  Hills,  Mass.;  Mi.s.s 
Helen  Willson,  Mrs.  Arthur  I.  Nash,  Mrs.  E.  1).  Phelps,  Mrs.  J.  L.  Howard, 
Mrs.  Frank  E.  Winsor,  Mrs.  H.  A.  Miller,  Mrs.  A.  O.  Doane,  Mrs.  J.  H.  Flynn, 
Mrs.  Frank  C.  Kimball,  Miss  Florence  C.  Kimball,  Mrs.  Samuel  Harrison, 
Mr.  Scribner,  Mr.  George  E.  Russell,  Mr.  Shepard,  Boston,  Mass.;  Miss  Alice  S. 
Corner,  P.  J.  B.  Sullivan,  R.  Connor,  Holyoke,  Mass.;  Mr.  and  Mrs.  J.  F. 
Gleason,  Quincy,  Mass.;  Mrs.  I.  T.  Farnham,  West  Newton,  Mass.;  Mrs.  C.  E. 
Peirce,  East  Providence,  R.  I.;  Mrs.  George  E.  Winslow,  Waltham,  Mass.; 
Mrs.  George  A.  Stacy,  Marlboro,  Mass.;  Mrs.  A.  B.  Arey,  Miss  Edith  Arey, 
South  Boston,  Mass.;  Mrs.  F.  H.  Hayes,  Mrs.  E.  C.  Brooks,  Cambridge,  Mass.; 
Mrs.  Willard  Kent,  Narragansett  Pier,  R.  I. ;  Mrs.  George  Bowers,  Mrs.  F.  E. 
Appleton,  R.  R.  Thomas,  Mrs.  C.  S.  Proctor,  Lowell,  Mass.;  Mrs.  Wm.  T. 
Sedg^\'ick,  Wm.  E.  Mott,  Brookline,  Mass.;  J.  F.  James,  Lawrence,  Mass.; 
Mr.  and  Mrs.  H.  W.  Sears,  Mr.  and  Mrs.  Walter  L.  Beals,  Middleboro,  Mass. ; 
Mrs.  John  C.  Chase,  Derry,  N.  H.;  Mrs.  H.  G.  Holden,  Nashua,  N.  H.;  Mrs. 
John  H.  Cook,  Paterson,  N.  J.;  Mrs.  Charles  W.  Sherman,  Belmont,  Mass.; 
Miss  Lillian  Leavitt,  Somerville,  Mass.;  Miss  Helen  R.  Coggeshall,  New 
Bedford,  Mass.;  Mrs.  W.  H.  Richards,  Miss  Helen  M.  Richards,  H.  S.  Richards, 
New  London,  Conn.;   Mrs.  Thomas  A.  Peirce,  East  Greenwich,  R.  I.  —  51. 

The  following  aiDplicants,  who  were  recommended  by  the  Execu- 
tive Committee,  were  elected  to  membership: 

C.  H.  Turner,  Treas.  St.  Johnsbury  Aq.  Co.,  St.  Johnsbury, 
Vt.;  W.  Donaldson,  Ivnoxville  Water  Co.,  Knoxville,  Ky.;  Frank 
E.  Pressey,  Hydgr.,  U.  S.  G.  S.,  Bangor,  Me.;  A.  B.  Hill,  Cons. 
Eng.,  New  Haven,  Conn.;  Herbert  P.  Linnell,  Res.  Eng.,  Water 
Works,  Colon,  Cristobal,  Canal  Zone;  H.  J.  Glendenning,  C.  E., 
Portland,  Me.;  C.  Robert  Adams,  U.  S.  G.  S.,  Boston;  Edward 
R.  Mack,  Water  Department,  Wilmington,  Del.;  Horace  H. 
Chase,  C.  E.,  Brockton,  Mass.;  Peter  A.  Monteverde,  Superin- 
tendent, Trafford  City,  Trafford  County,  Pa.;  Lewis  E.  Smith, 
C.  E.,  Pasadena,  Cal.;   Edmund  M.  Blake,  C.  E.,  Boston. 

President  Sedgwick  welcomed  the  ladies  and  called  attention 
to  the  happy  coincidence  of  our  Ladies'  Day  falling  upon  St. 
Valentine's  Day,  after  which  he  introduced  Arthur  I.  Nash.  Esq., 
of  Boston,  who  gave  a  very  interesting  address,  illustrated  by 
stereopticon,  on  the  beaver,  imder  the  title,  "  Primitive  Water 
Works  and  Water  Workers  of  New  England," 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

December  13,  1905. 

Present:  President  George  Bowers,  and  George  A.  Stacy, 
Robert  J.  Thomas,  L.  M.  Bancroft,  Charles  W.  Sherman,  and 
Willard  Kent. 

The  Secretary  read  apphcations  for  membership  from  the 
following  persons: 

Irving  T.  Farnham,  Howard  N.  Kingsford,  Ira  G.  Hoagland, 
Edgar  A.  Weimer,  and  W.  A.  McFarland;  and  it  was  voted  to 
recommend  the  applicants  for  election. 

A  letter  was  read  from  ^Ir.  Luther  C.  Wright,  superintendent. 
Water  Works,  Northampton,  Mass.,  a  former  member  of  the 
association  in  good  standing,  signifying  his  desire  to  again  become 
a  member.  By  unanimous  vote  of  the  Executive  Committee, 
Mr.  Weight  was  reinstated  to  membership  in  the  association. 

On  motion  of  Mr.  Sherman  it  was  voted:  That  surplus  numbers 
of  the  Journal  of  the  Association,  in  excess  of  five  copies  of  each 
issue,  be  disposed  of  at  the  rate  of  one  dollar  each. 

Voted:  That  the  President  be  and  hereby  is  authorized  to 
appoint  a  special  committee  to  make  arrangements  for  Ladies' 
Day  on  the  date  of  the  February  meeting. 

Adjourned. 

Attest:     Willard  Kent,  Secretary. 

Boston,  January  10,  1906. 

Present:  President  George  Bowers,  and  Frank  E.  Merrill,  James 
L.  Tighe,  Charles  W.  Sherman,  Frederick  W.  Gow,  L.  M.  Bancroft, 
Robert  J.  Thomas,  and  Willard  Kent. 

Applications  were  received  from  A.  R.  McCallum,  Whitman, 
Mass.;  Eugene  F.  Garvey,  AVorcester,  Mass.,  and  Claude  L. 
Howes,  M.  E.,  Boston,  Mass.,  for  active  membership,  and  from 
the    Anderson     Coupling     Company,     of     Portland.    Conn.,    for 
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associate  membership,  and  they  were  by  ^'ote  unanimously  recom- 
mended therefor. 

The  salary  of  the  Assistant  Secretary,  on  recommendation  of  tlie 
Finance  Committee,  was  by  vote  increased  to  forty-five  dolhirs 
($45)  per  month. 

Adjourned.  • 

Attest:     WiLLARD  Kent,  Secretary. 

February  14,  1906. 

Present:  John  C.  Chase,  chairman;  Frank  E.  Merrill,  George 
A.  Stacy,  James  L.  Tighe,  Willard  Kent,  Charles  AV.  Sherman,  and 
Robert  J.  Thomas. 

Applications  were  received  from  C.  H.  Turner,  St.  Johnsbury, 
Vt.;  W.  Donaldson,  Knoxville,  Tenn.;  Frank  E.  Pressey,  Bangor, 
Me.;  Albert  B.  Hill,  New  Haven,  Conn.;  Edward  R.  Mack,  Wil- 
mington, Del.;  Horace  H.  Chase,  Brockton,  Mass.;  Peter  A. 
Monteverde,  Trafford  City,  Pa.;  Lewis  E.  Smith,  Pasadena.  Cal.; 
Herbert  P.  Linnell,  Cristobal,  Canal  Zone;  H.  J.  Glendenning, 
Portland,  Me.;  C.  Robert  Adams,  Boston,  Mass.;  and  Edmund 
M.  Blake,  Boston,  Mass.;  and  they  were  by  vote  recommended  for 
membership  in  the  association. 

Adjourned. 

Attest:     Willard  Kent,  Secretary. 
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Edward  Atkinson,  president  of  the  Boston  Manufacturers' 
Mutual  Fire  Insurance  Company,  and  well  known  as  an  economist 
and  statistician,  as  well  as  perhaps  the  leading  "  anti-imperialist  " 
of  the  country,  died  suddenly  on  December  11,  1905,  as  the  result 
of  an  attack  of  acute  indigestion,  with  which  he  was  seized  while 
driving  from  his  home  to  his  office  that  morning. 

Mr.  Atkinson  was  born  in  Brookline,  Mass.,  on  February  10, 
1827,  and  was  educated  in  private  schools.  His  business  training 
began  in  1842  in  a  commission  house;  in  1848  he  became  identi- 
fied with  various  manufacturing  corporations,  which  he  served 
as  clerk  or  treasurer  until  1877.  He  had  been  president  of  the 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company  for 
nearly  forty  years.  In  this  position  he  was  the  prime  mover  in 
establishing  the  inspection  department  of  the  Associated  Factory 
Mutual  Insurance  Companies,  which  has  done  so  much  to  advance, 
not  only  methods  of  construction,  but  our  knowledge  of  principles 
and  our  practice  in  hydraulic  engineering. 

For  many  years  he  had  been  a  vigorous  and  fearless  writer  on  a 
wide  range  of  subjects.  He  was  a  member  of  many  societies, 
and  had  received  many  honors,  among  them  the  honorary  degrees 
of  LL.D.  and  Ph.D.  He  was  one  of  the  founders  and  for  several 
years  a  member  of  the  corporation  of  the  Massachusetts  Institute 
of  Technology.  He  contributed  two  papers  to  this  association 
on  bog  fuel,  and  frequently  took  part  in  the  discussions. 

Mr.  Atkinson  became  a  member  of  the  New  England  Water 
Works  Association  on  November  9,  1904. 
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BOOK   NOTICES. 

Practical  Cement  Testing.  By  W.  Purves  Taylor,  M.S.,  C.E.,  En- 
gineer in  charge,  Philadelphia  Municipal  Testing  Laboratory.  New  York: 
The  Myron  C.  Clark  Publishing  Company,  13-21  Park  Row.  1906.  Pp.  315. 
6x9  inches.     Price,  $3.00  net. 

This  book  is,  perhaps,  the  most  complete  work  ever  published  on  the  subject 
of  cement  testing,  and  although  from  the  mniiber  of  pages  it  might  be  thought 
voluminous,  it  is  concise  and  admiraljly  arranged.  It  has  been  prepared 
with  a  view  to  its  use  by  the  novice  in  testing,  and  the  matter  is  .so  presented 
as  to  be  readily  understood  by  him;  at  the  same  time  it  will  doubtless  prove 
of  much  value  as  a  book  of  ready  reference  for  the  expert. 

The  first  three  chapters  are  of  an  introductory  character,  and  deal  briefly 
with  the  classification,  constitution,  and  manufacture  of  cements.  The  body 
of  the  book,  comprising  Chapters  4  to  12,  deals  very  fully  with  the  usual  or 
routine  tests  of  cement  and  discusses  the  methods  of  making  them  and  the 
interpretation  of  results.  The  remainder  of  the  book  is  devoted  to  special 
tests,  chemical  analyses,  methods  of  operating  a  laboratory,  and  numerous 
specifications.  Mr.  Taylor's  wide  experience  in  charge  of  the  Philadelphia 
municipal  laboratory  is  abundant  proof  of  his  qualifications  for  preparing 
such  a  book. 

There  are  numerous  illustrations,  diagrams,  and  tables  scattered  through 
tlie  book,  which  is  concluded  by  a  good  index. 


Handbook  op  Cost  D.\.ta  for  Contractors  and  Engineers.  A 
Reference  Book  giving  Methods  of  Construction  and  Actual  Costs  of  Materials 
and  Labor  on  Numerous  Engineering  Works.  Bj'  Halbert  P.  Gillette,  Con- 
sulting Engineer,  Member  American  Society  Civil  Engineers,  Member  Ameri- 
can Institute  Mechanical  Engineers,  late  Associate  Editor  Engineering  Neu)ti. 
New  York:  Myron  C.  Clark,  13-21  Park  Row.  1905.  Pp.  610.  4  x  6i 
inches.     Price,  $4.00  net. 

This  book  can  be  highly  commended  to  all  having  to  do  with  construction 
work  of  any  kind.  Detailed  records  of  cost  of  construction  are  comparatively 
seldom  kept,  and  the  average  water-works  superintendent,  for  instance,  while 
he  may  Icnow  fairly  well  the  total  cost  per  foot  of  laying  water  pipes,  has 
but  a  very  hazy  idea  of  the  difTerent  items  which  go  to  make  up  that  cost, 
and  therefore  can  only  guess  at  the  effect  of  changes  in  conditions  or  of  prices 
of  certain  supplies. 

In  the  opening  sentences  the  author  says:  "There  are  two  principal 
objects  in  keeping  itemized  records  of  cost:  (1)  To  enable  the  contractor  or 
engineer  to  determine  what  will  be  fair  unit  prices  for  similar  work  in  the 
future;  and  (2)  to  enable  the  contractor  to  analyze  his  expenditures  with  a 
view  to  improving  his  foremanship,  class  of  laborers,  plant  equipment,  and 
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the  like."  Both  of  these  objects  should  appeal  to  the  water-works  superin- 
tendent, lor  he  must  frequently  estimate  the  eo.st  of  extensions,  and  must 
also  often  stand  in  the  position  of  contractor  in  carrying  out  such  extensions 
with  day  labor. 

It  may  be  said  without  hesitation  that  Mr.  Gillette  has  done  a  great 
service  in  preparing  this  exposition  of  the  principles  and  methods  of  keeping 
detailed  cost  I'ecords;  the  data  presented,  relating  to  cost  of  work  actually 
done,  while  valuable,  are  of  much  less  importance  than  the  suggestions  relat- 
ing to  methods  of  keeping  records  and  reducing  costs.  Indeed,  sources  of 
information  in  print  are  not  very  common,  and  usually  give  insufficient 
detail  to  be  of  much  use,  so  the  author  had  comparatively  little  to  draw  upon 
outside  of  his  own  wide  experience.  It  is  gratifying  to  note  that  a  portion  of 
the  more  valuable  information  given  by  the  author  has  been  obtained  from 
papers  read  before  this  a.ssociation. 


TRADE  PUBLICATIONS. 

Alli.s-Chalmers  Company,  Milwaukee,  Wis.  —  Pumping  Engine  De- 
partment. 

Bulletin  No.  1600,  July,  1905.  —  Test  and  Record  of  the  30  000  000- 
Gallon  Pumping  Engine  Installed  in  the  Chestnut  Hill  High-Service  Station 
of  the  Metropolitan  Water  Works,  Boston,  Mass.  8  x  lOJ  inches,  11  pages, 
3  illustrations. 

Bulletin  No.  1601,  Juhj,  1905. —  Test  of  One  of  the  15  000  OOO-Gallon 
Vertical  Triple-Expansion  Pumping  Engines  Installed  in  the  Baden  High- 
Service  Station  of  the  St.  Louis,  Mo.,  Water  Works.     8  pages,  2  illustrations. 

Bulletin  No.  1602,  September,  1905.  —  Centrifugal  Pumps,  Operated  by 
Simple,  Compound,  or  Triple-Expansion  Engines.     8  pages,  2  illustrations. 

Bulletin  No.  1603,  August,  1905.  —  Reynolds  Triple-Expansion  Pumping 
Engines.     4  pages,  1  illustration. 

Bulletin  No.  1605,  Septetubcr,  1905.  —  High-Duty,  Horizontal,  Double- 
Acting,  Crank  and  Fly-Wheel  Plunger  Pump,  Driven  by  Cross-Compound 
Reynolds  Corliss  Engine,  Standard  Type  F.  M.  P.      8  pages,  4  illustrations. 

Bulletin  No.  1606,  September,  1905.  —  Multi-Stage,  High-Lift  Centrifugal 
Pumps,  Motor  Driven.     8  pages,  3  illustrations. 

Bulletin  No.  1607,  September,  ^505.  —  High-Duty,  Horizontal,  Double- 
Acting,  Crank  and  Fly-Wheel  Plunger  Pump,  driven  by  Cross-Compound 
Reynolds  Corliss  Engine,  Standard  Type  F.  O.  P.     8  pages,  3  illustrations. 

Bulletin  No.  1608,  September,  1905.  —  Single-Stage  Centrifugal  Pumps, 
Motor  Driven.     4  pages,  1  illustration. 


Lock-Bar  Steel  Pipe.     The  East  Jersey  Pipe  Company,  71  Broadway, 
New  York,  N.  Y.     9x6  inches,  34  pages,  2  diagrams,  13  illustrations. 


Raymond  Concrete  Piling.     Raymond  Concrete  Pile'  Company,  Chicago, 
111.     6x9  inches,  48  pages,  31  illustrations. 
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engineering  construction  by  the  united  states 
recla:\iation  service. 

BY  M.  O.  LEIGHTON,   CHIEF  OF  THE  DIVISION  OF  HYDRO-ECONOMICS, 

UNITED    STATES   GEOLOGICAL    SURVEY,   WASHINGTON,   D.  C. 

[Read  January  10,  1906.] 

There  is  a  development  going  on  in  the  West  which  many  well- 
informed  men  believe  to  be  of  more  importance  to  this  country 
than  the  construction  of  the  Panama  Canal.  Throughout  the 
West  there  are  thousands  of  people  who  have  fought  for  its 
initiation  and,  having  been  successful,  are  now  looking  forward 
to  its  completion,  and  predicting,  as  a  result  thereof,  the  most 
remarkable  era  of  advancement  and  prosperity  that  this  country 
has  ever  beheld.  In  the  East  there  is  a  bare  handful  of  people 
who  appreciate  and  understand;  a  few  inore  have  a  vague,  mis- 
taken idea;  but  the  vast  majority  of  Americans  east  of  Missouri 
River  have  no  more  information  concerning  it  than  they  have 
with  reference  to  the  foreign  policy  of  the  King  of  Siam. 

It  has  not  been  observed  that  this  dearth  of  information  upon 
the  part  of  eastern  people  is  confined  to  any  one  class  or  profession, 
and  it  has  been  a  matter  of  surprise  to  find  that  so  few  eastern 
engineers,  and  especially  those  who  have  specialized  in  water- 
works construction,  maintenance  and  operation,  have  thought  it 
worth  the  effort  to  inform  themselves  concerning  the  greatest 
water-supply  systems  of  the  world,  which  are  being  constructed 
within  their  own  country  and  which  involve  the  expenditure  of 
over  thirty  millions  of  dollars.  This  water-works  construction  is 
designed  to  change  enormous  areas  in  the  Great  American  De.sert 
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from  i)laces  of  desolation  and  wliiteiied  hones  to  ])laces  of  jiros- 
l)erous  homes  and  fertile  fields,  where  millions  of  people  will 
dwell,  and  where  generations  of  Americans  will  grow  up.  It 
involves  engineering  projects  in  many  respects  unprecedented  in 
magnitude,  which  have  (luietly  and  conservatively,  but  none  the 
less  cjuickly  and  definitely,  been  entered  upon,  and  are  even 
now  in  process  of  construction. 

Two  fifths  of  the  area  covered  by  the  United  States  is  arid. 
This  statement  means  that  upon  that  proportion  of  all  our  posses- 
sions exclusive  of  Alaska  and  insular  territory,  sufficient  rain 
does  not  fall  to  make  agriculture  profitable.  Some  of  this  area 
is  in  the  semi-humid  belt,  where  there  may  be  for  a  season  rain 
enough  to  provide  for  the  growth  and  maturity  of  a  crop,  but 
where,  perchance,  the  season  or  successive  seasons  following  will 
bring  little  or  no  moisture.  Some  of  it  is  desert,  extending  mile 
upon  mile  in  blinding  white  solitude  without  the  semblance  of  a 
living  thing.  Some  of  it  is  wind-swept  plain,  as  level  as  the  ocean 
and  cjuite  as  featureless,  differing  from  the  desert  only  by  reason 
of  its  growth  of  hard,  dry,  woody  grass,  its  knots  of  sage-brush, 
its  mesquite  bushes  or  its  cacti.  There  is  upland  and  mountain, 
canyon  and  mesa,  and  all  is  devoid  of  useful  vegetation  as  the 
paved  streets  of  an  eastern  metropolis.  This  barren  principality 
is  greater  than  the  empire  of  ancient  Rome,  seven  times  as  large 
as  the  domain  of  the  German  Emperor,  and  equal  to  thirty  states 
of  the  size  of  Xew  York.  Much  of  this  region  must  always  remain 
in  its  present  condition,  but  there  are  enormous  tracts  throughout 
the  length  and  l^readth  of  the  arid  belt  which  retain  every  requisite 
feature  of  climate  and  fertility  save  that  of  moisture. 

On  June  17,  1902,  the  United  States  Congress  passed  the 
Reclamation  Law.  It  provides  that  all  the  moneys  received 
from  the  sale  of  jnililic  lands  shall  be  set  ajxii't  for  the  construction 
of  irrigation  works.  The  experience  of  years  had  shown  that  it 
was  the  only  possible  means  whereby  millions  of  acres  of  desert 
waste  could  !)e  made  habitable,  and  upon  which  there  might 
develop  communities  which  would  return  to  the  country  an  added 
vigor  and  stability  which  would  be  a  thousand  fold  more  valuable 
than  the  money  expended.  In  addition  to  this,  it  seemed  espe- 
cially  fitting  that   the   money   received  from  the  sale  of  i)ublic 
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latids  should  be  exj^ended  i,n  this  way,  l)e('ause  nearly  all  ij-overn- 
ment  land  in  the  humid  regions  has  been  sold,  and  ]:)ractieally  al! 
that  now  remaining  in  government  ownershij)  is  arid.  The  money 
so  provided  is  not  a  gift  to  the  arid  belt,  but  a  loan  that  draws 
no  direct  interest.  The  farmer  who  takes  uj)  public  land  in  an 
irrigated  area  must  pay  for  the  cost  of  the  irrigation  system,  or 
his  proportionate  part  thereof.  The  payment  must  be  made  in 
ten  annual  installments  without  interest,  and  thus  the  Govern- 
ment is  finally  reiml)ursed  for  the  actual  ex])enditures  made 
necessary  by  the  construction  of  irrigation  systems,  and  loses  in 
the  end  only  the  theoretical  interest  on  the  money  so  used.  At 
the  end  of  the  period  of  payment,  the  farmer  is  the  sole  owner 
of  the  water  rights;  they  become  a]:)purtenant  to  his  property. 
The  law  makes  it  one  of  the  duties  of  the  Secretary  of  the  Interior 
to  make  examinations  and  surveys  for  appropriate  irrigation  works 
and  to  locate  and  construct  them.  He  is  further  authorized  to 
withdraw  from  entry  all  pul^lic  lamls  whicli  may  l)e  required  for 
any  system  of  irrigation,  and  also  the  land  which  may  be  irrigated 
from  such  system.  The  actual  engineering  work  has  been  ])laced 
by  the  Secretary  of  the  Interior  under  a  corjis  of  engineers  which 
has  been  designated  as  the  United  States  Reclamation  Service. 

A  wise  provision  in  the  irrigation  law  i.?  that  which  makes  it 
necessary  for  the  farmer  to  take  up  irrigated  lands  under  the 
Homestead  Act;  that  is,  no  single  farm  unit  can  consist  of  more 
than  one  hundred  and  sixty  acres,  and,  to  secure  title,  the  farmer 
must  be  an  actual  resident  upon  the  property. 

This  prevents  enormous  speculative  operations  Iw  wliich 
companies  or  individuals  with  large  capital  may  acquire  tremen- 
dous tracts  of  lands,  and  thereby  receive  the  benefits  of  go^•ern- 
ment  irrigation,  to  the  exclusion  of  the  individual  provided  with 
less  initial  capital.  In  other  words,  tlie  terms  of  the  statute  were 
designed  to  provide  for  homes  in  the  arid  states,  rather  than 
to  increase  the  values  of  the  land  for  sjieculative  purposes. 

The  location  and  the  extent  of  the  work  already  undertaken  is 
set  forth  in  Tal)le  Xo.  1.  It  will  be  seen  that  all  of  the  states 
and  territories  represented  in  the  arid  belt  are  jjrovided  for  with 
the  exception  of  Oklahoma,  in  which  reconnaissance  ^\ork  is  now 
going  on. 
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Table  No.  1.     Irrigation  Projects  Already  Undertaken. 


State. 

Name  of  Project. 

•Acres  Irrigable. 

Allotment. 

Arizona 

Salt  River 

160  000 

S3  850  000 

Calift)rina 

Yuma 

85  000 

3  000  000 

Colcirado 

Uncompahgre 

100  000 

2  500  OOO 

Idaho 

Minidoka 

60  000 

1  300  000 

Payette-Boise 

60  000 

1  300  000 

Kansas 

Garden  City 

S600 

260  000 

Montana 

Huntley 

30  000 

900  000 

Milk  River 

1  (100  000 

Montana  *(^) 

Lower  Yellowstone 

40  000 

1  200  000 

Nebraska  and  Wyoming 

North  Platte 

100  000 

3  330  000 

Nevada 

Truckee-Carson 

120  000 

3  000  000 

New  Mexico 

Hondo 

10  000 

240  000 

Carlsliad 

600  000 

Rio  Grande 



200  000 

North  Dakota  (i) 

Lower  Yellowstone 

20  000 

700  000 

North  Dakota 

Pumping  plants 

33  000 

1  000  000 

Oregon 

Klamath 

100  000 

2  000  000 

Umatilla 

18  000 

1  000  000 

South  Dakota 

Belle  Fourche 

60  000 

2  100  000 

Utah 

Strawberry  Valley 

25  000 

1  250  000 

Washington 

Okanogan 

9  000 

500  000 

Yakima 

-10  000 

1  750  000 

Wj'Oming 

Shoshone 

75  000 

2  250  000 

1  153  600 

$35  230  000 

*  For  dam  in  St.  Mary ;  wiU  not  irrigate  any  land. 

It  will  1)6  impossible  to  discuss  within  the  time  allotted  for 
this  paper  the  constructive  features  of  all  the  projects  named 
in  this  table.  Therefore  attention  will  be  given  to  those  which 
comprise  the  most  interesting  features. 

Salt  River  Project,  Arizona.. 
The  area  to  be  irrigated  under  this  project  lies  in  the  lower 
valley  of  Salt  River  in  the  region  about  Phcenix,  Tempe,  and 
Mesa,  W'hile  the  storage  reservoir,  the  largest  artificial  lake  in 
existence,  lies  to  the  northeast  about  seventy  miles  from  Phoenix. 
The  water  stored  in  the  reservoir  is  to  be  released  as  required  for 
irrigation  and  allowed  to  flow  down  the  bed  of  the  river  to  a  point 
near  the  head  of  the  irrigated  area,  where  it  will  be  diverted  into 
properly  constructed  canals.  About  160  000  acres  in  this  lower 
vallcv  will  be  irrigated  under  efravit^v  canals,  while  the  remainder 
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will  be  ])rovi(lecl  for  by  puini)iii<i-  water  on  the  higher  levels  with 
power  derived  from  a  plant  located  at  the  reservoir  dam.  The 
reservoir  will  cover  what  is  known  as  the  Tonto  Basin,  a  great 
depression  formed  by  the  valleys  of  Salt  River  and  Tonto  Creek, 
the  two  streams  joining  a  short  distance  above  the  dam  site. 
(Plate  I,  Fig.  1.)  The  extreme  length  of  this  reservoir  will  l)e 
25  miles,  its  greatest  de])th  of  water  2o0  feet,  and  its  capacity 
61000  000  000  cubic  feet,  or  about  450  000  000  000  gallons, 
sufficient  to  supply  the  Metropolitan  water  system  in  ]\Iassachu- 
setts  at  the  present  rate  of  consumption  for  a  period  of  ten  and  one- 
half  years. 

Salt  River  enters  a  canyon  a  short  distance  l)elow  the  confluence 
of  Tonto  Creek.  Across  this  canyon,  at  the  section  shown  in 
Plate  I,  Fig.  2,  a  dam,  known  as  the  Roosevelt  Dam,  is  in  process 
of  erection  which  will  have  a  total  height  from  foundation  to  top 
of  parapet  of  280  feet,  and  an  effective  storage  heiglit  of  230  feet. 
(See  Fig.  1.)  The  length  of  the  dam  at  datum,  or  low  water, 
will  be  188  feet,  and  at  the  crest,  644  feet.  The  section  of  the 
dam  ]n"ovides  for  a  masonry  wall  158  feet  thick  at  the  Inise, 
tapering  as  indicated  to  a  thickness  of  16  feet  at  the  crest. 
There  Avill  be  about  300  000  cubic  yards  of  masonr}'  in  the 
structure. 

The  dam  has  a  gravity  arch  section,  the  radius  being  400  feet. 
A  roadway  is  carried  over  the  dam,  crossing  the  spillways  on 
each  side  by  concrete-steel  arch  bridges.  The  total  height  of 
the  spillway  above  datum  or  mean  low  water  ^vill  be  230  feet, 
while  the  roadway  will  be  20  feet  higher.  The  spillways  are 
each  about  200  feet  long,  providing  for  a  total  discharge  of  4  000 
cubic  feet  per  second.  The  specifications  require  that  the  masonry 
shall  be  of  broken  range  c^-clopean  rubble,  laid  so  as  to  break 
joints  and  be  thoroughly  bonded  in  all  directions.  The  stone 
will  be  ([uarried  from  the  walls  on  each  side  of  the  canyon  for 
the  spillways,  and  Avill  be  laid  in  cement  mortar.  The  material 
is  a  tough,  coarse-grained  sandstone  of  a  specific  gravity  of  about 
2.5.  Samples  of  the  stone  crush  at  a  ]5ressure  of  from  1  000  to 
1  800  tons  per  square  foot,  which  affords  an  exceedingly  wide 
margin  of  safety.  The  stone  for  the  up-stream  face  will  be 
selected  so  as  to  lie  with  horizontal  beds  and  vertical  joints  in 
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Fig.  1.     ToNTo  Basin  (Salt  Ri\i:k),  Akizona. 


Fk;.  2.     SiTK  op^  PioosKvi;!.!-   Dam   (Sat/i-  ];i\i:i{) 
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Portlaml  cement  mortar  composed  of  one  i)a]'t  ]\)rtlan(l  cement 
and  two  parts  sand.  X'ertical  joints  between  the  stones  inside 
of  the  face  of  the  dam  must  nowhere  be  less  than  six  inches.  Tlie 
concrete  nsed  in  the  construction  of  the  (hini  is  composed  of  one 
part  cement,  two  and  one-haU"  i)arts  of  sand  and  four  parts  of 
broken  stone.  The  term  "  sand  "'  is  interpreted  as  tiie  run  of  the 
crusher  which  passes  a  quarter-inch  screen,  while  "  stone  "  is  inter- 
preted as  that  which  passes  a  two-inch  mesh. 

In  order  to  provide  for  the  rii;hts  of  ]3rior  appropriators,  it  is 
necessary  to  guarantee  the  release  of  a  certain  amount  of  water 
into  the  river  channel  at  all  times.  To  accomplish  this  and  to 
utilize  the  power  availal)le  at  the  dam  site,  a  low  diversion  dam 
has  been  constructed  across  Salt  River  above  the  upper  reaches 
of  the  overflowed  areas,  and  in  seasons  of  low  water  the  entire 
flow  of  the  stream  will  he  diverted  around  the  reservoir  by  means 
of  ;i  conduit  19  miles  long.  A  jiart  of  this  conduit  is  in  heavy 
cut,  some  of  it  on  fill,  while  9  000  feet  consists  of  tunnels,  15 
in  number  through  clay,  sand,  quicksand,  and  solid  rock.  Four- 
teen of  these  tunnels  are  along  the  power  canal  and  one  is  a  sluicing 
tunnel  at  the  dam  site. 

Tunnel  No.  1  at  the  point  of  diversion  is  ]  700  feet  in  length 
and  afforded  more  ilifficulties  of  construction  than  any  of  the 
others.  For  600  feet  it  passed  through  bowlders  that  were  im- 
bedded in  cpiicksand  and  varied  from  sniall  cobbles  to  masses 
weighing  several  tons.  As  this  sand  would  run  like  water,  hea\'y 
timbering  was  provided.  The  finished  section  of  this  tunnel,  has 
a  width  of  9  feet  and  a  height  of  <S  feet  to  the  apex  of  the  arch, 
but  in  order  to  allow  for  the  timbers  the  excavation  was  made 
12  feet  wide  and  11  feet  high.  Sciuare  sets  of  10-inch  timbers 
were  placed  two  feet  apart  from  center  to  center  and  inside  each 
of  these  an  arched  set  was  placed  for  extra  strength  as  well  as  to 
give  a  proper  section  to  the  tunnel.  The  breast  of  the  tunnel 
had  to  be  boarded  solid  and  the  lagging  driven  ahead  for  each 
following  set.  The  greatest  difficulty  occurred  when  big  bowlders 
were  encountered.  These  had  to  be  dealt  with  separately  and 
Avorked  an  inch  at  a  time,  regardless  of  size  or  condition,  as  any 
attempt  to  break  them  with  powder  would  have  caused  a  cave 
or  a  run-     This  600  feet  of  bad  ground  was  worked  with  four 
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headings  with  2  shifts  each,  and  an  average  of  6  feet  per  day 
was  made  from  the  four  headings. 

Quicksand  was  encountered  elsewhere  in  the  work,  but  was  not 
as  difficult  as  at  tunnel  No.  1. 

The  last  tunnel  to  be  constructed  was  the  penstock.  This  is 
a  circular  tunnel,  620  feet  long  and  8A  feet  in  diameter;  it  has 
a  fall  of  approximately  200  feet  from  the  mouth  of  the  canal  to 
the  turbine.  Before  work  was  begun  on  this  tunnel  it  was  neces- 
sary to  excavate,  out  of  the  perpendicular  cliffs,  a  site  for  the 
power  plant,  which  is  23  feet  above  the  river.  The  tunnel  starts 
at  the  back  of  the  power  plant  at  the  elevation  of  the  floor.  Work 
was  begun  at  the  lower  end  of  the  penstock  by  hand,  as  floods  in 
the  river  made  the  temporary  power  plant  useless.  For  two 
months  the  materials  and  supplies  were  packed  in  on  the  shoulders 
of  men,  along  precipitous  canyon  sides,  shelving  rock  and  rolling 
bowlders,  and  passed  down  the  vertical  cliffs  by  ladders  and  ropes. 
In  this  way  110  feet  of  the  tunnel  was  driven.  Later,  after  the 
floods  had  subsided,  the  work  was  carried  on  more  expeditiously 
by  means  of  power.  Notwithstanding  the  fact  that  an  exhaust 
fan  with  7-inch  piping  was  used,  the  heat  and  gas  were  intense. 
It  is  a  peculiarity  of  this  climate  and  elevation  that  all  under- 
ground raises  have  no  ventilation.  In  this  tunnel  the  heat  was 
unusual,  due  to  the  proximity  of  subterranean  hot  springs. 

The  shiicing  tunnel  around  the  base  of  the  dam  is  13  feet  wide, 
11  feet  high,  and  480  feet  long,  and  it  is  carried  through  solid 
quartzite  and  sandstone.  The  heat  here  was  intense  and  caused 
the  death  of  two  of  the  men;  several  hot  springs  were  encountered 
and  the  temperature  rose  to  130°  Fahrenheit,  witli  practically  100 
])er  cent,  humidity.    . 

The  cost  of  the  masonry  construction  of  the  dam  is  S3. 15  per 
cubic  yard,  or  a  total  for  the  entire  structure  of  $1  147  600.  This 
cost  is  exclusive  of  cement  and  sand,  which  are  furnished  by  the 
Reclamation  Service  from  the  (Jovernment  cement  mill  near  the 
dam  site,  which  will  be  described  later.  The  total  cost  of  dam, 
allowing  $2.50  per  barrel  for  cement,  is  over  S2  000  000.  The 
cost   of   the   power   tunnel  was  $26.50  per  linear  foot. 

One  of  the  best  pieces  of  construction  connected  with  the 
Salt  River  ]5roject  is  the  sluicing  tunnel  and  gates.     (Fig.  2.)     In 


Fig.  2.     Sn  icing  Gatf.>;  at  Roosevelt  Dam. 
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this  tunnel  will  be  placed  six  gates  to  be  used  for  sluicine:  pur- 
poses and  for  regulating  the  flow  of  the  water  to  the  canals  of 
Salt  River  Valley.  These  gates  with  tlieir  ui)erating  mechanism 
will  weigh  nearly  800  000  pounds,  and  will  be  the  largest  ever  con- 
structed to  operate  under  the  great  pressure  of  100  pounds  per 
s(juare  inch.  The  pressure  on  each  gate  is  about  800  000  pounds. 
With  the  reservoir  full,  these  gates  are  capable  of  discharging 
10  000  cubic  feet  ))er  second.  During  the  construction  of  the 
dam,  the  ri\er  will  be  diverted  through  this  channel.  It  will 
not  be  possible  in  the  time  allotted  for  this  j)aper  to  discuss  the 
details  of  construction.  Indeed,  the  subject  is  worthy  of  a  sepa- 
rate paper. 

One  of  the  interesting  features  of  this  project  is  the  Government 
cement  mill,  constructed  near  the  dam  site.  It  was  not  originally 
the  purpose  of  the  Reclamation  Service  to  enter  into  the  manu- 
facture-of  cement,  but  it  was  found  that  the  cost  of  cement 
shipped  to  this  site  would  be  prohibitive.  The  nearest  railroad 
))oint  is  Cilobe.  Ariz.,  which  is  not  \\ithin  easy  access  of  any  of 
the  cement  works.  The  freight  rates  to  this  terminal  point  are 
high,  and  the  transportation  overland  for  forty  miles  to  the  dam 
site  would  add  excessively  to  the  cost.  The  l)ids  which  were 
received  for  furnishing  cement  were  S4.81  per  barrel,  delivered  at 
the  dam  site.  As  the  construction  recpiired  200  000  barrels  of 
cement,  the  cost  of  the  work  would  l)e  ])rohil)itive.  It  Avas  found, 
however,  that  cement  materials  were  available  at  or  near  the  dam 
site;  a  good  cement  rock  underlies  the  mill  and  suitaltle  clay  is 
availa])le  a  short  distance  away.  It  was  therefore  decided  to 
erect  a  mill,  at  a  cost  of  $100  000.  The  cement  manufacturers 
naturally  objected  to  this  move,  but  it  was  conclusively  shown 
that  if  it  were  necessary  to  purchase  cement  at  the  ])ricc  at  which 
it  could  be  delivered  at  the  dam  site,  the  cost  of  the  structure 
would  be  wellnigh  prohibitive,  while  the  erection  of  the  cement 
mill  and  the  manufacture  of  the  material  u]K)n  the  spot  would 
result  in  an  enormous  saving.  In  view^  of  the  fact  that  cement 
manufactured  at  this  mill  costs  $2.50  per  barrel,  the  Government 
could  liardly  affoixl  to  hard  ])urchased  cement  from  Globe  to  the 
dam  site,  even  if  the  material  were  delivered  at  (ilobe  free  of  cost. 
The  mill  finallv  erected  has  a  capacity  of  350  barrels  per  day. 
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The  chief  item  of  expense  is  th;it  of  fuel,  it  l)eing  necessary  to 
haul  oil  in  wagons  from  Mesa,  Ariz.,  a  distance  of  about  fifty  miles. 
Average  results  of  tensile  tests  of  neat  cement  briquettes  arc: 
478  pounds  after  seven  days  (one  day  in  air  and  six  days  in  water) ; 
552  pounds  rJter  fourteen  days. 

The  Uncompahgre  Project. 

The  Uncom])ahgre  A^alley  comprises  an  area  in  Ouray,  Montrose, 
and  Delta  counties  in  the  southwestern  part  of  Colorado.  It  is 
watered  by  Uncompahgre  River,  which  flows  northward  and 
joins  Gunnison  River  at  Delta.  In  this  valley  there  are  about 
75  000  acres  which  early  experience  proved  to  be  exceedingly 
fertile  under  irrigation.  (Plate  II.  Fig.  1.)  Consequently, 
in  about  1SS4  settlers  flocked  to  the  valley  and  filed  upon  nearly 
all  the  land  in  the  region.  Irrigation  canals  were  constructed 
and  what  was  believed  to  he  a  mighty  era  of  in'ospei'ity  was 
begun.  It  was  soon  found  that  all  this  develo])ment  was  made 
witho\it  any  idea  of  the  amount  of  water  in  Uncompahgre  River 
available  for  irrigation.  The  river  did  not  begin  to  furnish 
sufficient  supply.  After  a  time  great  tracts  were  deserted,  costly 
improvements  abandoned,  and  the  acres  under  cultivation  soon 
dwindled  to  30  000. 

Thirty  miles  eastward  from  Uncomjiahgre  River  and  flowing 
nearly  parallel  to  it  is  the  Gunnison  (Fig.  3),  which  farther  to  the 
north  takes  an  abrupt  w-estward  turn  and  is  joined  by  the  Un- 
compahgre at  Delta.  Along  this  portion  of  the  Gunnison  ]iarallel 
to  the  Uncompahgre,  the  river  traverses  the  Grand  Canyon 
(Plate  III,  Fig.  1),  one  of  the  best  scenic  features  of  the  West,  and 
at  the  same  time  one  of  the  most  difficult  places  of  access. 

The  method  of  solution  of  the  Uncompahgre  problem  which 
found  most  favor  was  the  tapping  of  the  Gunnison  by  a  tunnel 
opening  at  the  bottom  of  this  canyon  and  extending  underground 
six  miles  to  a  point  in  the  Uncompahgre  \'alley  from  which  the 
water  could  be  carried  in  open  canals.  Up  to  the  time  of  the 
official  investigation  nothing  was  known  concerning  (irunnison 
Canyon  save  that  its  walls  rose  sheer  3  000  feet,  that  a  torren- 
tial stream  ran  through  the  bottom,  and  that  it  was  impas- 
sal^le.     So  far  as  was  known,  no  man  had  ever  pas.sed  through 
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this  canyon  alive.  It  was  necessary  to  know,  first,  the  con- 
ditions existing  in  the  canyon  and  whether  or  not,  were  all  the 
other  difhculties  overcome,  it  woidd  be  possible  to  open  a  tunnel 
heading.     A   voyage   through   the   canyon   was   necessary,    and 


I ■.-^. 

Fig.  3.     Map  showing  Location  o?^  Gunnison  Tcnnel, 

it  was  undertaken  and  accomi^lished  by  Mr.  A.  L.  Fellows,  at 
that  time  district  engineer  for  Colorado.  In  spite  of  the  diffi- 
culties and  dangers  attendant  upon  the  journey,  Mr.  Fellows' 
observations  resulted  in  the  selection  of  a  heading  just  above 
the  point  at  which  the  canyon  boxes  up. 


Tlatk  II. 


Fig.  1.     UNCoMi'Aiiuino   N'ai.i.ey  inukk  liiuKiA  tiox. 


Fig  2.     Sitk  of  Patiikindkk  Dam  (Noktii  Pi>atte  River). 


I'LATK    III. 
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In  Fig.  4  is  shown 
the  tunnel  profile. 
When  finished  it  will 
be  30  582  feet  long, 
and  of  a  capacity  of 
1  300  cubic  feet  per 
second.  The  total 
excavation  will  be 
183  500  cubic  yards, 
of  which  93  000  cubic 
yards  will  be  in  rock. 
The  total  amount  of 
lining  will  be  30  000 
cubic  j-ards.  laid  at 
a  cost  of  S6.75  per 
cubic  yard.  The 
cost  of  the  tunnel  and 
other  rock  is  $40  per 
linear  foot,  while  the 
total  cost  of  the  tun- 
nel will  be  $1  200  000. 

North  Platte 
Project. 

The  land  to  be 
irrigated  under  the 
North  Platte  project 
lies  in  southeastern 
Wyoming  and  west- 
ern Nebraska  along 
the  North  Platte 
River  Valley,  as 
shown  in  Fig.  5; 
the  total  acreage  irri- 
gable will  be  100  000. 
The  Avater  is  to  be 
conserved  in  the 
Pathfinder  reservoir. 
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and,  beino;  discharged  from  there,  will  flow  sixty  miles  in  the  stream 
bed  and  then  ])e  diverted  into  the  Interstate  Canal,  which  con- 
ducts the  water  into  the  area  in  question.  The  point  of  interest  in 
this  project  from  the  engineering  standjjoint  is  the  Pathfinder 
Dam  and  appurtenant  works. 

The  dam  called  the  Pathfinder  Dam  is  located  across  the 
channel  of  North  Platte  River  in  Wyoming,  three  miles  below  the 
mouth  of  Sweetwater  River,  where  the  Platte  enters  the  canyon 
cut  through  Rattlesnake   Range.     (Plate  II,  Fig.  2.)     Here   the 


Fig.  5.     Map  siiowixu  Ixtkrstate  Canal,  North  Platte  Project. 

gorge  is  SO  feet  wide  at  low-water  mark  and  but  ISO  feet  wide  at 
a  point  160  feet  above  Datum.  The  walls  are  of  solid  granite, 
and  bed  rock  without  seam  or  fracture  occurs  10  feet  ])elow  low- 
water  mark.  I'ig.  G  shows  a  cross-section  of  the  gorge  with 
dam  in  place,  and  a  cross-section  of  the  dam  which  is  being  con- 
structed of  gi'anite  in  l)roken  range  cyclo])ean  ru])l)le.  The  total 
amount  of  masonry  will  be  53  000  cubic  yards.  The  specifications 
provide  that  the  masonry  shall  be  laid  so  as  to  break  joints  and 
thorough]}"  boud  llie  work  in  all  directions.  'J'he  stone  used  is 
as  large  as  i)racticab^le,  and  facilities  are  provided  for  handling 
'stones  weighin"'  ten  tons.     The  aim  is  to  use  in  the  construction 
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of  the  dam  the  largest  proportion  of  stone  and  the  smallest 
proportion  of  mortar  and  concrete.  The  stone  for  the  up-stream 
face  is  selected  so  as  to  lie  with  horizontal  beds  and  vertical 
joints  in  Portland  cement  mortar  composed  of  1  part  cement 
to  2  parts  sand.  At  least  one  fourth  of  the  area  in  the  face  must 
be  headers,  evenly  distributed  throughout  the  wall,  and  every 
header  must  be  laid  over  a  stretcher  of  the  underlying  course. 
The  stretchers  must  not  be  less  than  3  feet  long  nor  less  than 
2  feet  in  any  other  dimension.  The  headers  must  not  he  less 
than  6  feet  in  length  nor  less  than  2  feet  in  any  other  dimen- 
sion. The  stone  for  the  down-stream  face  is  selected  so  as  to 
lie  with  horizontal  beds  and  vertical  joints  in  cement  mortar 
composed  of  sand  and  cement  in  the  proportion  of  1  part  cement 
to  2h  parts  sand,  where  not  othervrise  directed.  At  least  one 
fourth  of  the  area  in  the  face  must  be  headers.  All  concrete  used 
in  the  dam  is  composed  of  the  proportion  of  1  part  cement  and 
2+  parts  sand  and  4  parts  of  broken  stone  of  such  size  as  to  pass 
through  a  2-inch  me.sh  screen.  Sand  in  this  case  is  considered 
that  part  of  the  run  of  the  crusher  passing  a  ^-inch  screen. 

The  dam  (Fig.  6)  is  of  arch  type,  constructed  on  a  radius  of 
150  feet.  It  is  10  feet  thick  at  the  cre.st,  94  feet  thick  at  the  base, 
and  210  feet  high.  The  batter  of  the  up-stream  face  is  0.15  and  of 
the  down-stream  face,  0.25.  The  ma.sonry  is  reinforced  by  steel 
rails  at  points  at  and  below  the  crest  where  special  horizontal  and 
vertical  stresses  will  develop. 

In  may  be  considered  by  some  that  this  dam  is  of  very  thin 
section,  but  it  conforms  to  the  principles  established  by  a  long 
series  of  elaborate  experiments  made  under  the  direction  of  the 
board  of  consulting  engineers  of  the  I'nitecl  States  Reclamation 
Service,  the  work  being  executed  under  the  immediate  direction 
of  Mr.  George  Y.  Wisner,  a  member  of  the  Board.  For  a  discus- 
sion of  these  experiments  see  Engineering  News,  issue  of  August  10, 
1905,  p.  141  el  seq. 

The  maximum  depth  of  water  behind  Pathfinder  Dam  will  be 
200  feet,  and  the  amount  of  water  stored  will  be  ;>26  000  000  000 
gallons.  The  contract  price  for  the  complete  structure  is  S582  000. 
As  will  be  noted  upon  the  plan,  the  outlet  of  the  reservoir  will 
be  through  a  tunnel  cut  through  the  walls  of  the  canyon,  and 
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through  this  the  river  is  diverted  during  construction.  The 
spillway  is  pro^•ided  on  the  riglit  bank  of  the  canyon  so  that  the 
dam  is  a  solid  structure  without  gates  or  openings,  and  no  water 
will  flow  over  the  top. 

The  Shoshone  Project. 

This  project  contemplates  the  storage  and  diversion  of  a  portion 
of  the  surplus  water  of  Shoshone  River  in  Wyoming  for  the 
reclamation  of  public  lands  lying  on  the  north  side  of  the  river, 
extending  from  the  mouth  of  the  Shoshone  Canyon  down  stream 
about  50  miles,  covering  an  area  of  approximately  282  000  acres. 
The  present  development  is  proposed  to  reclaim  only  125  000 
acres.  Just  below  the  junction  of  its  two  forks,  Shoshone  River 
enters  a  canyon  3  miles  in  length.  1  mile  of  which  is  cut  in  solid 
granite  with  nearly  vertical  walls,  and  it  is  about  65  feet  wide  in 
its  narrowest  places.  The  point  selected  for  the  dam  site  (Plate 
III,  Fig.  2)  is  70  feet  wide  on  the  bottom  of  the  channel  and  200 
feet  wide  at  an  elevation  of  240  feet,  the  proposed  height  of  the 
dam  above  the  river  bed.  (Fig.  7.)  This  provides  for  a  dam  of  a 
height  from  lowest  foundation  to  capstone  of  from  305  to  310  feet, 
it  being  the  highest  dam  in  the  world,  both  in  total  height  and 
effective  storage  height.  The  capacity  of  the  reservoir  formed 
thereby  will  be  14  858  000  000  gallons,  or  a  little  less  than  one 
half  of  the  storage  capacity  afforded  by  the  Pathfinder  Dam  and 
a  little  more  than  one  third  that  afforded  by  the  Roosevelt  Dam. 
The  spillway  will  be  250  feet  in  length,  the  weir  being  located  a 
few  hundred  feet  below  the  dam  on  the  side  of  the  canyon,  and 
connection  therewith  from  the  reservoir  will  be  made  by  the 
construction  of  a  spillway  tunnel  of  a  capacity  of  10  000  cubic 
feet  per  second. 

A  tunnel  for  the  public  highway  will  be  cut  out  of  the  same  side 
of  the  canyon  and  will  cross  this  spillway  tunnel  twice  at  an 
elevation  of  about  45  feet  above  the  average  elevation  of  the 
spillw^ay  tunnel  floor.  The  dam  as  shown  in  the  illustration  will 
be  of  the  arch  type  upon  a  radius  of  150  feet.  (Fig.  8.)  It 
will  be  noted  that  the  dam  is  being  constructed  108  feet  thick 
at  the  base  and  10  feet  thick  at  the  crest,  with  an  up-stream 
batter  of  15  per  cent,  and  a  down-stream  batter  of  25  per  cent. 
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As  shown  upon  tiie  illustration,  a  vertical  section  of  the  dam 
having  an  effective  storage  height  of  31  feet  will  be  constructed 
in  advance  of  the  main  portion  for  the  purpose  of  diverting  water 
from  tlie  excavation.  The  section  of  this  dam  is  based  u})on 
C-\i)erimentation  in  the  same  way  as  has  l^een  discussed  in  the 


Fia. 


Section  and  P^levation  of  Shoshoxe  Dam. 


case  of  the  Tathfinder  Dam,  a  thin  section  witli  an  unconnuonly 
large  up-stream  batter  for  this  kind  of  structure. 

The  dam  is  being  constructed  of  concrete  of  a  comjiosition, 
where  not  otherwise  specified,  in  the  proportion  of  1  ])art  cement, 
2\  parts  sand,  aud  5  parts  of  broken  stone.  Tlie  term  "  sand  " 
is  interpreted  as  that  portion  of  the  run  of  the  crusher  which^shall 
pass  a  screen  of  ^-inch  aperture,  the  proportion  of  finer  par- 
ticles being  such  that  the  void  in  the  dry  aggregate  shall  not 
exceed  30  per  cent,  of  the  mass.     The  stone  used  in  the  crusher 


LKIGHTOV. 


145 


is  granite  taken  from  the  sides  of  the  canyon  and  other  snitahle 
places.  The  concrete  will  be  ivinforced  by  steel  and  iron  rails 
in  snch  portions  of  the  dam  as  will  by  reason  of  horizontal  and 
vertical  stresses  require   such    reinforcement.     It  is  provideil  in 


Fiu.  8.     Plan  of  Shoshone  Dam  ani>  TrNNEL> 


the  specifications  that  both  faces  of  the  dam  shall  l^e  molded 
against  forms  of  dressed  tongued  and  grooved  timber  placed 
to  conform  to  lines  established  hy  the  engineer.  The  concrete 
shall  be  so  placed  against  these  forms  and  so  manipulated  as 
to  secure  a  smooth,  dense,  and  uniform  facing  of  the  dam.  The 
contract  further  provides  that  in  the   freshly  deposited  concrete 
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the  contractor  shall  place  l)y  haiul  ])ieces  of  granite  Aveighing 
between  25  and  200  pounds,  which  shall  be  rammed  imtil  well 
bedded.  The  proportion  of  such  rocks  shall  be  as  nearly  as 
possible  uniform  throughout  the  dam  and  shall  form  at  least 
25  per  cent,  of  the  total  volume  of  masonry.  Xo  such  rock 
shall  l)e  in  contact  with  any  other  or  within  6  inches  of  either 
face  or  cither  abutment  of  the  dam.  The  worlv  will  l)e  done 
with  three  daily  shifts  of  eight  hours  each,  and  the  contractor  is 
required  to  adopt  means  to  provide  such  appliances  and  housing 
as  will  permit  the  construction  of  the  masonry  work  during  cold 
weather.  Such  provisions  shall  maintain  the  temperature 
within  6  inches  of  the  concrete  until  it  is  ten  days  old  at  not 
less  than  82°  F. 

TJiere  will  be  two  outlet  conduits  leaving  the  reservoir,  one  at 
10  and  one  at  60  feet  above  the  river  bed.  The  one  leaving  the 
reservoir  at  the  elevation  of  10  feet  will  be  l\v  a  tunnel  through 
the  side  of  the  canyon  500  feet  in  length  and  10  by  10  feet  in 
cross-section,  and  will  discharge  the  water  from  the  reservoir  into 
the  low-level  canals. 

The  total  cost  of  the  Shoshone  Dam,  including  outlet  tunnel, 
s])illway  tunnel,  spilhvay  and  road  tunnel,  will  be  $600  000.  The 
cost  and  dimensions  of  the  three  masonry  dams  here  described 
compared  with  similar  figures  for  the  New  Croton  and  Wachusett 
dams  are  set  forth  in  the  following  table: 

Table  Xo.  2. 


Roosevelt 

Pathfinder 

Shoshone 

New  Croton 

Wachusett 

Dam. 

Dam 

Dam 

Dam 

Dam 

Length  at  crest 

650 

226 

175 

1  168 

850 

Height  above  founda- 

tion 

280 

210 

308 

297 

207 

Maxinnun   effective 

storage  height 

230 

190 

240 

157 

185 

Thickness  at  base 

158 

94 

108 

206 

185 

Thickness  at  crest 

16 

10 

10 

18 

25 

Cu.  yds.  of  niasonrv 

350  000 

53  000 

69  000 

833  000 

280  000 

Capacity   of  reservoir 

(miUion  cu.  ft.) 

61  000 

43  560 

19  863 

4  000 

8  400 

Cost  of  dam 

$2  000  000 

$600  000 

$700  000 

$7  600  000 

$2  000  000 

Cost  of  dam  per  mil- 

lion cu.  ft.  stored 

$32  80 

$13  78 

$35  25 

$1  900  00 

$238  10 
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It  should  be  explained  that  the  last  entry  upon  tlii.s  tal)le  does 
not  represent  the  cost  of  storage  per  million  gallons,  but  is  based 
solely  upon  the  cost  of  the  dam.  The  total  cost  for  storage  in 
the  Roosevelt  l^asin,  exclusive  of  power  conduit  and  aj^purte- 
nances,  will  be  about  S2  500  000,  in  which  only  about  $So  000 
is  for  land  damages.  In  the  case  of  the  Wachu.sett  Dam,  the 
figure  here  given  for  cost  per  million  gallons  nuist  l)e  multiplied 
by  about  4  to  cover  cost  of  entire  reservoir. 

Note.  —  The  Belle  Fourche  Project  and  the  large  earthem  dam  to  he  erected  in  connec- 
tion therewith  are  det^cnhed  in  Erigineeritig  Neu's,  Febiniary22,  190.5.  i).  210,  and  Engineer- 
ing  Record,  March  3,  1905,  p.  30". 

DISCUSSIOX. 

Mr.  Ch.\rles  W.  8hi;r:\i.\x.  I  should  like  to  ask  Mr.  Leighton 
if  he  can  tell  us  something  about  the  run-off  of  those  streams, 
and  how  much  water  they  can  depend  upon  collecting  per  square 
mile  of  drainage  area,  or  something  of  that  kind. 

Mr.  Leightox.  The  run-off  at  some  of  the  principal  arid  land 
stations  is  as  follows: 

Table  No.  3.     Kux-off  of  Rivers  ix  the  Arid  Regiox'  — 
For  the  Year  1904. 


Stream. 

Station. 

Second 
Feet  per 
Sq.  Mi. 

Depth  in 
Inches. 

Drainage 

.\rea 
Sq.    Mi. 

Salt  River 

Roosevelt,  Ariz. 

.0.57 

.78.5 

5  756 

Verde  River 

McDowell,  Ariz. 

.002 

.843 

6  000 

Colorado  River 

Yuma,  Ariz. 

.062 

.844 

225  049 

Gunnison  River 

Corv,  Col. 

.328 

4.47 

5  233 

Humboldt  Ri\er 

Palisade,  Xev. 

.109 

1.48 

5  014 

Oreana,  Xev. 

.021 

.288 

13  800 

Truckee  River 

Vista,  Nev. 

1.30 

17.72 

1  519 

Carson  Ri\er 

Empire,  Xev. 

.7.37 

10.02 

988 

Rio  Grande  River 

San  Idlefonso,  X.  Mex. 

.071 

.972 

14  0.50 

North  Platte  River* 

Mitchell,  Xeb. 

1.113 

1.208 

24  400 

Milk  River 

Malta,  Mont. 

.028 

.374 

14  044 

Shoshone  River 

Codv,  \\'vo. 

1.28 

17.44 

1  480 

Yellowstone  River 

Li^■ingston,  Mont. 

1 .286 

17.523 

3  580 

Snake  River 

Minidoka,  Ida. 

.559 

7.61 

22  600 

Palouse  River 

Hooper,  Wash. 

.382 

5.20 

2  210 

Eight  days  in  .January;  sixteen  in  February;  five  in  March,  not  included. 


It  may  be  of  interest  to  compare  the  run-off  of  some  of  these 
I'ivers  with  some  in  the  East. 
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Table  No.  4.    Comparison  of  Run-off  of  Kivers  for  the  Year  19U4. 


Stream. 


Station. 


Second 
Feet  per 
Sq.    Mi. 


Depth  in 
Inches. 


Drainage 

Area 
Sq.  Mi. 


YelloAvstone  liiver 
Connecticut  River 
Palouse  River 
Htidrton  River 
Sho.slione  River 
Mohawk  River 
North  Platte  Piiver 
Suscniehanna  River 
Verde  River 
James  River 


Livingston,  Mont. 
Orford,  N.  H. 
Hooper,  Wa.sh. 
Ft.  Edward,  X.  Y. 
Codv,  Wvo. 
Little  Pails,  X.  Y. 

Mitchell,  Xeb. 
Harrisburg,  Pa. 

McDowell,  Ariz. 
Cartersville,  Ya. 


1.286 
1.32 

.382 
1.97 
1.28 
2.27 
1.113 
1.350 
.062 
.734 


17.523 
16.41 

5.20 
26.74 
17.44 
30.96 
15.208 
18.320 
.843 

9.980 


3  580 
3  305 
2  210 
2  800 
1  480 
1  306 
24  400 
24  030 
6  000 
6  230 


Mr.  Fraxk  L.  Fuller.  I  should  like  to  ask  with  regard  to  the 
evaporation  from  those  lakes. 

Mr.  Leightox.  That  is  one  of  the  very  important  questions 
with  which  the  Reclamation  Service  has  to  deal.  P'specially  in 
the  southern  country,  like  Arizona,  the  evaporation  is  enormous, 
Table  No.  5.     Evaporation  from  Water  Surf.\ce,  in  Inches. 


o 

ti 

d 

© 

i 

S 

>^ 

00 

N 

9.'^ 

o 

Z; 

o 

OS 

c 

0 

as 

ice 

ill 

SCO 

a 

ci 

s 

03 

< 

?" 

CO 

*-^ 

— 

(B 

K 

Jannarv      

3 

3.6 

1.747 

0.84 

2.0 

3.0 

1.8 

Fel)ruar\- 

4 

3.9 

2.671 

0.70 

2.0 

3.4 

2.7 

^hlrch 

6 

6.19 

4.249 

0.77 

7.0 

4.2 

3.6 

.Vpril 

7 

9.37 

5.351 

1.25 

7.3 

6.8 

7.2 

Mav 

10 

9.94 

5.611 

2.42 

10.8 

8.8 

6.9 

June 

11 

10.11 

7.193 

3.35 

11.7 

12.9 

8.9 

Julv 

12 

10.19 

S.153 

9.6 

9.2 

9.2 

August 

13 

7.87 

8.141 

6.50 

7.6 

9.8 

10.7 

September 

10 

6.38 

7.239 

4.12 

— 

6.6 

9.6 

October 

6 

7.02 

4.999 

2.65 

— 

6.7 

6.5 

X()\en\lH'r       

5 

4.41 

4.012 

2.09 

3.7 

5.7 

5.0 

DeceinluT 

4 
91' 

1.91 
80.89 

.867 
60.233 

1.44 

3.0 

2.7 
79.8 

2.3 

Total 

*26.13 

74.4 

*  Eleven  months. 
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and  it  becomes  an  important  item  in  calculating  the  amount  of 
water  available  from  storage.  The  following  figures  may  be  of 
interest. '  Evaporation  is  given  in  inches  per  year  from  water 
surfaces. 

Mr.  Fuller.  Can  you  tell  us  what  the  average  rainfall  is  for 
a  series  of  years? 

Mr.  Leighton.  The  Ignited  States  Weather  Bureau  reports  for 
1004  the  precipitations  in  arid  regions  as  follows: 

Table  No.  6.     Rainfall  in  the  Arid  Region,  1904. 


Precipitation    for       Departure  from 
Year.  Normal. 


El  Paso,  Texas  .  . 
Santa  Fe,  N.  M.  .  . 
Phcenix,  Ariz.  .  .  . 
Yuma,  Ariz.  .  .  . 
San  Diego,  Cal.  .  . 
Spokane.  Wash.  .  . 
Grand  Junction,  Col. 
Winneniuca,  Xe\'.  . 
Salt  Lake  City,  I'tah 

Boise,  Ida 

Carson  Citv,  Xcv.  . 


11.30 

+ 1 .90 

14.19 

—0.09 

5.57 

—1.38 

1.43 

—1.55 

().61 

—3.98 

13  97 

—4.35 

().(i3 

—1.90 

9.44 

+  0.93 

1().31 

+  0.07 

14. OS 

—0.40 

10.52 

—1.50 

It  should  be  stated  with  reference  to  the  arid  lands  generally, 
that  the  precipitation,  from  an  agricultural  point  of  view,  is  not 
even  as  useful  as  would  appear  from  the  above  figures,  because 
in  many  places  the  rain  comes  in  short  periods  and  in  great  quan- 
tity, with  long  dry  seasons  intervening. 

^Ir.  .John  C.  Whitxey.  I  should  like  to  ask  the  speaker  what 
the  special  object  was  of  distributing  those  large  fragments  of 
granite  throughout  the  concrete  construction  shown. 

Mr.  Li.ightox.  Such  construction  is  familiarly  known  as 
rubble  concrete,  or,  in  such  structures  as  the  Sho.shone  Dam 
where  the  stones  are  of  large  size,  a  more  comprehensive  term 
is  Cyclopean  rubble  concrete.  The  main  object  is  to  increase  the 
weight  of  the  dam  and  thereby  increase  its  stability.  The 
specific  gravity  of  granite  is  greater  than  that  of  concrete.  There 
is  an  im]^ortant  economic  feature,  too.  in  such  construction, 
because  the  rock  is  usually  cheaper  than  the  cement  materials 
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and  the  cost  of  the  structure  is  decreased  l)y  a  proportionate 
amount.  In  all  the  contracts  let  by  the  Reclamation  Service, 
cement  is  ])rovided  by  the  Government,  and  the  contractor  submits 
bids  without  taking  cement  into  consideration.  Therefore,  you 
•can  readily  see  how  advantageous  it  is  to  put  large  stone  blocks 
into  the  structure,  where  rock  is  cheap.  Twenty -five  per  cent, 
of  the  entire  structure  of  Shoshone  Dam  will  be  of  stone.  As 
the  formula  for  the  concrete  is  1  part  cement,  2^  parts  sand,  and 
5  parts  stone,  and  there  will  be  70  000  cubic  yards  in  the  dam, 
it  would  require  a  little  over  96  000  barrels  of  cement  for  the 
entire  structure,  if  it  were  built  of ,  concrete,  but,  inasmuch  as 
25  per  cent,  of  the  dam  will  consist  of  stone,  there  will  be  saved 
24  000  barrels  of  cement  by  using  this  method. 

Mr.  Sidney  Smith.  When  the  storms  do  occur,  wlien  tlie  rain 
falls,  do  the  streams  not  carry  a  large  ciuantity  of  detritus,  and 
has  any  arrangement  been  made  to  relieve  the  reservoir  of  that? 

Mr.  Leighton.  They  do  carry  enormous  amounts.  Some 
of  the  engineers  who  were  working  on  Gila  River  used  to  state 
in  a  joking  fashion,  when  they  came  back  to  Washington,  that 
it  was  hard  for  them  to  distinguish  between  nuid  and  water.  By 
placing  a  stick  upright  in  the  material  they  could  decide,  because 
if  it  was  mud  the  stick  would  stand  up,  and  if  it  fell  over,  they 
knew  it  was  water.  (Laughter.)  The  fact  that  the  streams  do 
carry  these  great  amounts  of  sediment  presents  another  ver}- 
perplexing  problem  for  the  Reclamation  Service.  Of  course, 
the  accumulation  in  a  reservoir  reduces  the  effective  storage 
capacity.  The  Salt  River  reservoir,  for  example,  will  probably 
lose  a  large  proportion  of  its  capacity  in,  say,  sixty  years,  and  the 
reason  for  extending  the  dam  10  feet  higher  was  to  postpone 
the  day  when  remedial  measures  would  be  necessary.  In  all 
such  cases,  there  have  been  provided  enormous  sluicing  gates, 
through  which  the  accumulations  may  be  removed.  Ground  sluic- 
ing may  be  necessary  to  clear  the  reservoir  in  a  large  measure  of 
this  sediment".  Lake  ^IcMillan,  in  New  IMexico,  which  is  a  reser- 
voir built  by  a  ])rivate  company,  has  lost  a  very  large  percentage 
of  its  storage  capacity,  and  that  is  not  yet  a  very  old  reservoir. 
But  in  every  case,  as  I  say,  provision  for  sluicing  is  made.  It  may 
be  necessarv  once  in  a  generation  and  the  cost  will  be  high,  but 
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such  cost  will  he  iusignifieant  in  ])roi)ortioii  to  the  benefits  of  the 
reservoir  and  of  the  irrigation  system,  so  that  the  jiroperty  will 
easily   afford  the  exi)eiise. 

Mr.  Smith.  Will  the  cleaning  out  of  the  reservoirs  at  such 
times  involve  an  ex])ense  to  the  owners  of  the  land  who  use  the 
water? 

Mr.  Leightox.  Yes,  sir.  In  ten  years  the  pro])erty  goes  into 
the  hands  of  the  farmers,  or,  more  correctly,  into  the  control  of 
the  Water  Users  Associations,  and  they  will  maintain  it  thereafter. 
Those  expenses  will  be  provided  for  probaljly  by  the  establish- 
ment of  a  sinking  fund. 

Mr.  Fuli.kr.  I  should  like  to  ask  ^Ir.  T.eighton  if  it  is  necessary 
that  this  water,  as  it  is  used  for  irrigating,  shall  be  reasonably 
free  from  sediment,  or  what  the  fact  is  with  regard  to  it? 

^Ir.  Leightox.  No.  If  the  sediment  is  proi)erly  handled, 
if  it  is  merely  what  we  call  silt,  it  is  a  benefit  to  the  property.  You 
see  the  great  portion  of  that  country  is  sand,  gravel,  and  coarse 
material,  which  is  benefited  by  these  deposits  of  silt.  Take 
the  Colorado  River,  for  example,  that  is  in  a  good  many  ways 
exactly  similar  to  the  Nile  in  its  annual  inundations  and  deposits 
of  silt,  and  it  has  made  the  barren  sand  so  rich  that  one  farm  hand 
cannot  take  care  of  more  than  10  acres  of  land,  because  the 
crops  grow  so  fast.  They  are  raising  all  sorts  of  tro])ical  fruits 
and  have  had  considerable  success  lately  with  date  palms,  ]iome- 
granates,  figs,  almonds,  and  such  things. 
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THE   PITOMETER  AND  ITS   USES. 

BY    EDMUND    M.    BLAKE,    CIVIL   EN'GIXEER,    BOSTON,    MASS. 

[Read  March  14,  1906.] 

In  1S96,  John  A.  Cole,  consulting  engineer  of  Chicago,  found  it 
necessary  to  make  a  water-waste  survey  at  Terre  Haute,  Ind. 
He  decided  that  it  would  l)e  advisable  to  find  some  more  economical 
method  of  measuring  the  waste  flow  than  by  use  of  the  Venturi 
or  Deacon  meter.  Edward  S.  Cole,  associated  with  his  father, 
finally  acted  upon  a  suggestion  obtained  from  Prof.  R.  C.  Car- 
penter's w^ork  on  "  Experimental  Engineering,"  regarding  the 
Pitot  tube  as  applied  to  water  mains.  The  use  of  the  Pitot  tube 
in  open  stream  work  is  doubtless  familiar  to  all  engineers  and 
superintendents. 

Mr.  Cole  had  to  contend  with  many  difficulties  in  adapting  this 
principle  to  the  measurement  of  velocities  in  closed  pipes.  Two 
tulles  were  finally  adopted  which  could  be  introduced  through  a 
1-inch  corporation  cock  by  means  of  a  special  cap,  each  tube  with 
a  hook  bent  90  degrees  and  provided  with  a  "  cut-water."  The 
two  points  of  contact  with  the  current  are  called  orifices  —  one 
points  down  stream  and  the  other  up  stream,  as  shown  in  Fig.  1. 
Many  long  series  of  calibrations  were  made  with  orifices  and  tubes 
of  various  diameters,  but  finally  a  choice  was  made  of  an  orifice 
having  an  internal  diameter  of  J-inch,  made  of  3-16-inch  brass 
tubing,  fitted  to  j-inch  tubes.  It  was  found  that  an  orifice  and 
tube  of  this  size  gave  more  reliable  indications  at  low  velocities, 
and  that  there  wasMess  trouble  with  negative  readings  or  failure 
to  return  to  equilibrium  at  no  flow. 

A  glass  U-tube,  22  inches  long  and  having  an  internal  diameter 
of  j%  inch,  was  used.  Connections  were  made  by  ^-inch  rubl)er 
tubing,  and  a  blow-off  was  located  at  the  top  of  each  connection 
to  remove  air.  The  lower  half  of  the  I'-tube  was  filled  with  a 
mixture  of  carbon  tetrachloride  and  gasoline,  with  a  specific 
gravity    of    1.25   or    1.50    at    ordinary    temperatures.     For   high 
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velocities  mercury  is  used.  Careful  notes  Avere  made  of  the 
temperature  at  which  observations  were  taken,  and  temperature 
corrections  were  applied  where  found  necessary.  Plate  I  shows 
a  complete  pitometer  set  up,  with  the  "  orifices  "  in  position  in  a 
section  of  water  pipe. 

It  was  found  that  photography  was  the  only  practical)le  means 
of  registering  continuously  the  deflections  in  the  U-tube,  without 
interfering  with  those  deflections.  The  photo-recorder  combines, 
upon  one  photographic  diagram,  a  record  of  the  static  variations 


H  inside 
^outside 

Fig.  1. 


within  the  pipe  with  a  record  of  the  U-tube  deflections,  the  latter, 
of  necessity,  being  half  deflections,  as  shown  on  the  U-tube. 
The  instrument  has  shown  itself  capal)le  of  producing  a  good 
continuous  record  upon  ordinary  Velox  j^aper.  Plate  II  is  a  sample 
of  such  a  record.  Notches  in  the  slit  through  which  the  light 
passes  on  its  way  to  the  paper  are  so  located  that  they  produce 
horizontal  rulings  upon  the  record,  corresponding  to  the  cali- 
brated deflections  taken  from  the  curves  (Fig.  2).  The  com- 
bination of  static  pressure  variation  with  velocity  aids  in  inter- 
preting the  cause  of  any  given  variations  in  the  flow. 
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It  is  first  necessary  to  ascertain,  l^y  an  operation  called  a  "  trav- 
erse," the  relation  between  the  average  velocity  in  the  main  and 
the  highest  velocity,  which  is  usually  at  or  near  the  center.     This 
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relation  varies  considerablv,  according  to  the  age  of  the  main 
and  the  material  of  which  it  is  made.  When  this  relation  — 
called  the  coefficient  of  the  pipe  —  is  ascertained,  the  orifices  are 
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then  set  at  the  point  of  greatest  velocity  and  remain  there  through- 
out the  test. 

The  greater  the  velocity  in  the  main,  the  greater  the  force  with 
which  the  water  im]3inges  against  the  up-stream  orifice,  and  it  is  the 
function  of  the  metallic  tubes,  the  rubber  connections  and  the  glass 
U-tube  to  communicate  this  pressure  to  the  surface  of  mercury, 
or  other  liquid  heavier  than  water,  which  will  thus  be  depressed 
in  one  arm  of  the  U-tube  in  accordance  with  this  varying  pressure. 
In  order  to  make  a  permanent  record  of  the  movement  of  this  liquid, 
the  photo-recorder  photographs  the  liciuid  upon  a  drum,  which 
revolves  steadily,  thus  showing  a  line  on  a  sheet  of  paper  which 
can  be  interpreted  into  gallons  for  any  minute  or  hour  of  the  day 
or  night. 

The  pitometer,  when  thus  used  with  a  photo-recorder,  registers 
automatically  all  the  variations  in  velocity  which  take  place  in 
a  water  main.  It  is  the  only  meter  which  can  be  used  at  will  on 
all  sizes  of  mains.  It  is  portable  and  may  be  readily  attached 
to  any  water  main  by  means  of  a  1-inch  corporation  cock.  A  1- 
inch  reamer  should  be  run  entirely  through  the  corporation  and 
the  key  before  placing  it  in  the  main.  The  location  should  be 
in  a  straight  run  of  pipe,  at  least  50  feet ,  if  possible,  from  all  disturb- 
ing valves,  bends,  tees,  etc.  A  less  distance  may  be  safe  if  the  veloc- 
ity is  below  3  feet  per  second. 

The  uses  of  the  pitometer  ma^^  be  classed  under  three  heads, 
viz.,  engine  tests,  district  surveys,  and  street  inspections. 

Engine  Tests.  The  first  work  done  is  usually  that  of  making 
a  test  of  the  pumping  engines,  or,  in  case  of  gravity  works,  of 
the  reservoir  flow.  This  indicates  the  deduction  which  must  be 
made  from  station  logs  for  slip  of  pumps  or  defective  formulae. 

This  test  alone  is  often  found  to  be  one  of  great  significance. 
Frecjuent  slip-tests  are  of  great  utility,  and  if  all  works  were 
equipped,  it  would  enalile  the  engineer  in  charge  to  make  these 
himself  at  regular  intervals. 

Disfrict  Surveys.  The  next  step  is  usually  that  of  div"ding 
the  area  of  the  entire  city  into  large  districts.  The  flow  of  water 
into  each  of  these  districts  is  ascertained  by  the  photo-recorder 
on   a  continuous  run  of  .several  days  and  nights,  including,   if 
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possible,  a  Sunday.  From  these  records,  which  show  the  use 
for  every  hour,  a  comparison  is  made  with  the  actual  requirements 
of  the  district  as  shown  by  its  total  metered  use  and  a  reasonable 
allowance  for  its  resident  population,  and  in  this  way  a  valuable 
result  is  reached.  It  often  happens  in  such  cases  that  a  large 
area  is  shown  to  use  l)ut  a  normal  quantity,  considering  its  popu- 
lation, and  that  the  night  flow  is  not  greater  than  it  should  reason- 
al)ly  be.  This  fact,  once  established,  makes  further  work  in  that 
district  unnecessary.  On  the  other  hand,  the  record  may 
reveal  an  abnormal  flow  into  a  district  and  an  excessive  night 
consumption.  This  indicates  a  section  which  should  be  sub- 
divided and  carefully  investigated.  Large  losses  through  broken 
mains  and  services,  and  important  uses  that  have  not  been  fully 
metered  and  charged  for,  are  readily  determined  by  such  a  test. 

Street  Inspections.  Taking  now  the  districts  which  are  e\i- 
dently  consuming  an  excess  of  water,  especially  at  dead  of  night, 
the  next  step  is  that  of  taking  records  upon  short  lines  of  mains  by 
shutting  off  in  their  order  all  the  services  supplied  on  the  line. 
This  process  at  once  indicates  a  place  where  defective  service 
pipes  or  imperfect  fixtures  are  leaking.  After  all  known  services 
have  been  shut  off  there  may  still  remain  a  flow  that  indicates 
loss  from  imperfect  joints,  a  break  in  the  main,  or  some 
unsuspected  and  unmetered  consumer.  In  old  works  a  frecjuent 
cause  of  leakage  is  found  in  decayed  service  pipes.  Forgotten 
and  disused  services  and  mains  are  fruitful  sources  of  loss.  Fire- 
protection  mains  are  peculiarly  subject  to  losses  through  un- 
metered connections,  which,  for  aught  any  one  seems  to  know, 
have  made  themselves.  This  street  insjiection  brings  all  such 
misfortunes  to  light,  and  its  value  can  only  be  adequately  under- 
stood when  the  cost  of  the  water  which  flows  away  in  a  constant 
stream  for  a  year,  and  year  after  year,  is  capitalized. 

l^y  using  the  pitometer  street  connection,  records  can  be  re- 
peated at  any  given  point,  thus  revealing  the  changes  which 
take  place  from  one  season  to  another.  This  adds  greatly  to  the 
ease  with  which  the  use  of  water  throughout  the  system  can  be 
made  a  matter  of  certainty  to  the  manager.  By  locating  these 
street  coimcctions  on  fire-protection  mains,  inspections  can  be 
made  from  time  to  lime  which  will  i)revent  an  unauthorized  use 
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of  water  through  surrepthious  connections.  As  this  method 
of  inspection  leaves  the  main  unobstructed  at  all  times,  its  use 
is  not  ol)jectionable  from  the  fire  underwriters'  standpoint.  If 
one  of  these  street  connections  to  each  mile  of  main  is  judiciously 
set,  it  will  be  practicable  to  reach  every  block  of  a  pii)e  system 
so  as  to  determine  positively  whether  any  given  water  gate  is 
shut  or  open,  and  also  to  locate  any  considerable  loss  of  water 
through  defecti^■e  mains  or  services,  or  to  locate  the  theft  of  water. 

By  using  the  pitometer  in  a  thorough  and  systematic  way  in 
connection  with  careful  inspections  of  fixtures,  any  city  can  know 
where  the  water  of  its  system  is  used  and  can  find  every  source 
of  loss.  It  affords  a  very  economical  and  practical  way  of  meas- 
uring the  water  flowing  through  any  ]iipe  in  any  street.  Its 
cost  and  its  ease  of  handling  are  such  that  even  the  smallest  water- 
works plant  can  afford  to  use  it.  It  is  peculiarly  fitted  for  use 
by  large  cities,  where  every  mile  of  the  pi])e  system  can  be  in- 
spected without  interference  with  the  supply  of  water. 

In  1881  and  later,  a  total  of  83  Deacon  meters  were  placed 
on  the  distribution  system  of  the  Boston  Water  Works  in  the 
study  of  waste.  The  average  cost  of  their  installation  complete 
was  about  S600  each,  making  the  total  cost  of  installation  in  the 
neighborhood  of  $50  000.  It  is  interesting  to  note  that  500  ])ito- 
meter  street  connections  could  be  placed,  one  to  each  3  miles  of 
the  1  500  miles  of  piping  of  4  inches  and  over  supplied  by  the 
Metro])olitan  Water  Works  in  1905.  and  100  complete  pitometers 
with  photo-recording  apparatus  installed,  for  the  same  sum  of 
850  000.  By  a  careful  study  of  the  successive  points  of  distri- 
Ijution  of  the  pitometers,  this  e(iuipment  would  enal)le  the  Board 
to  learn  the  exact  condition,  flow,  waste,  leaks,  breaks,  etc.,  at 
every  point  in  its  large  distrilmtion  system,  and  such  data  could 
be  repeated  at  different  periods  as  often  as  desired. 

The  writer  installed  and  directed  the  operation  of  a  complete 
pitometer,  with  photo-recording  apparatus,  at  Athol.  Mass., 
during  the  fall  of  1905,  for  the  jnirpose  of  determining  the  gravity 
flow  through  two  mechanical  filters.  During  the  latter  period 
of  its  operation,  excavations  were  l^eing  made  for  the  permanent 
installation  of  a  Venturi  meter  at  the  same  i)oint.  The  flow  l)y 
pitometer  gagings  was  testified  to  at  the  hearings  l)efore  a  special 
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commission,  before  any  records  had  been  taken  from  the  Venturi. 
Ijut  when  the  ^'enturi  records  were  entered  in  the  later  course  of 
the  testimony,  they  were  found  to  agree  very  closely  with  the 
pitometer  —  as  should  always  be  the  case  when  both  are  in- 
stalled properly  and  operated  intelligently.  The  pitometer  was 
used  successfully  in  the  famous  Xew  York  waste  investigations 
of  1902  and  1903,  and  is  in  use  to-day  at  Chicago,  Philadelphia, 
Pittsburgh,  Havana,  Washington,  Spokane,  Minneapolis,  Roches- 
ter, Syracuse,  Cleveland,  Watertown,  N.  Y.,  Bridgeport,  New 
London,  and  other  smaller  cities  and  towns. 

In  pre])aring  the  above  information  to  cover  the  limited  time 
assigned  to  this  paper,  I  have  extracted  freely  from  the  text  of 
the  literature  published  by  The  Pitometer  Comjjany. 

DISCUSSION. 

]\Ir.  C.  M.  Saville  (by  letter).*  I  think  we  are  greatly  in- 
debted to  ]Mr.  Blake  for  his  interesting  exposition  of  the  pitometer 
and  its  uses  in  connection  with  water-waste  investigations,  espe- 
cially in  cases  where  a  hurried  reconnoissance  is  to  be  made  over 
a  large  system. 

Regarding  the  suggestion  for  installing  tliem  on  tlie  ]\letro- 
politan  Water  Works,  I  would  state  that  this  system  is  now 
equipped  with  55  Venturi  meters,  controlling  all  of  the  connections 
with  the  18  separate  cities  and  towns  supplied  from  these  works. 
From  these  meters  an  autographic  record  of  the  flow  during  any 
period  is  available  and  is  filed  for  future  reference.  This  record 
requires  no  expert  knowledge  of  photography  or  manipulation  in 
development,  and  the  chart  can  be  arl justed  and  taken  off  by  a 
laborer  of  ordinary  intelligence. 

l^esides  the  autographic  record,  which  gives  the  rate  of  flow 
at  an}'  time,  the  Venturi  register  also  shows  on  a  dial,  similar  to 
that  on  the  ordinary  house  meter,  the  total  quantity  in  gallons 
actually  passed.  This  is  a  great  advantage  over  a  chart  record 
giving  only  rates  of  flow,  as  it  requires  no  calculation  to  reduce 
it  to  the  quantity  actually  consumed.  The  chart  records  have 
furnished  very  interesting  and  valuable  information  regarding 
the  use  of  water  for  fires,  blowing  off  and  flushing  water  pipes  and 

*  Division  Engineer,  Metropolitan  Water  Works,  Boston,  Mass. 
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sewers,  ami  the  results  on  small  systems  of  the  sudden  opening 
of  connections  for  supplying  street-watering  carts  and  locomotive 
tanks.  Besides  the  above,  immediate  information  is  given  of 
gates  carelessly  opened  between  high  and  low  service  systems, 
and  of  l)reaks  in  mains  and  services  from  which  water  is  running 
away  unnoticed  into  drains  and  brooks. 

On  the  Metropolitan  system  these  meters  have  l)een  used  many 
times  to  investigate  waste,  the  method  being  to  feed  the  system 
under  inspection  through  tiie  meter,  noting  the  time  of  shutting- 
section  gates,  cutting  off  certain  portions  of  the  district,  and  later 
reading  the  rates  of  flow  on  the  meter  charts  at  the  time  men- 
tioned, the  rate  of  decrease,  or  (luantity  used  by  the  cut-out 
section,  is  readily  obtained. 

One  step  further  in  this  method  of  waste  detection  would  be 
to  tap  ordinary  connections  on  either  side  of  a  section  gate  and 
lead,  say.  2-inch  connections  into  a  permanent  chamber.  Here, 
by  means  of  flanged  connections,  a  small  \'enturi  meter,  say, 
2-inch,  could  be  inserted  at  any  time.  By  closing  the  main  gate 
between  the  connections  the  flow  to  the  district  under  investi- 
gation could  be  by-passed  through  the  small  Venturi  and  by 
means  of  adjustable  throat  pieces  any  rate  of  flow  per  minute 
from  1.74  gallons  or  0.23  cubic  feet  to  90  gallons  or  12.1 
cubic  feet  could  be  automatically  recorded  by  a  manometer, 
while  street -by-street  and  house-to-house  inspection  by  closing 
street  gates  and  curb  cocks  is  being  done  b}-  the  water  works 
department.     The  great  advantages  of  this  method  are: 

1.  Its  low^  cost  for  installation,  the  entire  first  cost  (and  conse- 
quent ownership)  being  a  comparatively  small,  amount. 

2.  Its  portability,  one  outfit  of  meter  and  manometer  being 
readily  transported  and  used  in  as  many  testing  chambers  as  is 
required  on  the  system. 

3.  Its  autographic  record,  recjuiring  no  photographic  manipu- 
lation, and  being  ready  for  inspection  at  any  time  without  devel- 
opment . 

4.  No  survey  of  the  pipe  and  determination  of  a  proper  coeffi- 
cient being  necessary. 

5.  Its  simplicity  of  operation,  lending  itself  readily  to  operation 
by  local  departments. 
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Mr.  Blake  (by  letter).  Mr.  Saville's  instructive  discussion 
has  l)een  read  with  much  interest.  It  was  not  intended  to  sug- 
gest that  pitometers  should  now  be  installed  on  the  Metropolitan 
system.  l)ut  to  show  what  might  be  accomplished  by  their  use 
with  an  investment  equal  to  that  made  with  Deacon  meters  in 
1881  and  later.  The  comparison  showed  the  great  advantages 
of  the  pitometer  in  point  of  information  ol)tainaljle  for  a  given 
investment. 

In  regard  to  the  expert  knowledge  of  photography  which  Mr. 
Saville  thinks  is  required,  the  writer  would  have  endeavored  to 
make  this  matter,  as  well  as  several  other  details,  clearer  had 
time  permitted.  The  sensitized  Velox  paper  can  be  purchased 
at  any  photographic  supply  store,  cut  into  the  exact  size  desired. 
It  must  be  placed  on  the  drum  in  a  dark  room  or  corner,  and 
protected  from  the  light  until  in  place  on  the  drum  above  the 
clockwork.  When  the  record  is  completed,  which  may  cover 
twelve,  twenty-four,  or  forty-eight  hours,  the  Velox  paper  is 
removed,  and  rolled  in  a  small  tin  case.  Tubes  of  developer  and 
acid  hypo  for  fixing  solution  can  be  bought  cheaply  at  almost  any 
stationery  store.  Fresh  water  is  all  that  is  recjuired  in  addition, 
and  the  simple  directions  show  the  process  plainly.  Photography 
has  become  so  common  with  even  young  boys  and  girls  that  it 
can  hardly  ])e  said  to  rec[uire  expert  knowledge  as  demanderl  in 
the  development  of  pitometer  diagrams.  A  laborer  of  ordinary 
intelligence  can  put  on  and  remove  the  Velox  sheets,  and.  if 
desired,  they  can  l>e  collected  once  a  day  and  developed  at  the 
office,  where,  with  scarcely  an  exception,  some  assistant  is  found 
well  versed  in   photography. 

In  regard  to  the  Venturi  dial,  referred  to  ]\v  Mr.  Saville.  which 
shows  at  a  glance  the  gallons  passing  at  any  moment,  a  pitometer 
scale  is  quickly  made  from  tiie  tables  to  suit  any  tra\erse  coeffi- 
cient and  any  size  of  l^pe.  and  this  scale,  with  its  zero  placed  at 
the  zero  line  of  the  liquid  in  the  U-tube,  enables  the  observer 
to  note  the  exact  numlxM-  of  gallons  passing  at  any  moment. 
Furthermore,  notches  in  the  slit  through  which  the  light  passes 
on  its  way  to  the  paper  are  so  located  that  they  produce  hori- 
zontid  rulings  upon  the  record  corresponding  to  the  calibrated 
deflections,  and  after  lieing  developerl.  the  discharge  in  gallons 
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for  the  g"h'ei\  tra\erse  coefficient  and  i)i])e  f^ize  i.s  readily  entered 
for  eacii  line  of  the  record,  niakinii'  the  record  self-read in<i-  without 
calculation  or  scaling,  except  for  intermediate  points. 

In  the  investigation  of  waste  by  the  pitonieter,  any  main  can 
be  tapped  anywhere,  except  at  or  very  near  bends,  branches, 
etc.,  without  by-passing  the  entire  supply  or  any  part  of  it  through 
a  neck  or  other  reduced  section,  and,  of  course,  complete  inspec- 
tions can  be  made  by  shutting  section  gates,  curb  cocks,  etc. 
Also  changes  in  the  rate  of  flow,  due  to  use  of  water  for  fires, 
blowing  off  and  flushing  water  pipes  and  sewers,  the  sudden  o]:)en- 
ing  or  closing  of  gates,  breaks  in  mains  and  services,  etc..  are 
faithfully  recorded  on  the  photometric  diagram,  not  at  ten- 
minute    intervals,    but    continuously. 

Mr.  Saville  suggests  the  use  of  a  2-inch  Venturi  meter  wath 
adjustable  throat  pieces  hi  waste  detection.  He  states  that  to 
do  this  would  retfuire  a  tap  on  each  side  of  a  section  gate,  2-ineh 
connections,  and  a  permanent  chamber. 

Compare  with  this  a  single  1-inch  corporation  cock  tapped  into 
the  main,  a  simi)le  and  inexpensive  pitonieter  street  connection 
placed  in  position,  and  the  whole  surrounded  by  a  piece  of  6-inch 
or  8-inch  pipe  running  up  to  the  surface  and  having  an  ordinary 
cap  such  as  is  used  for  curl)  cocks.  There  is  no  by-passing,  no 
by-pass  valves,  no  permanent  chamlier  large  enough  for  a  man 
to  work  hi.  The  comparison  seems  to  show  that  for  the  particu- 
lar field  of  waste  detection  the  pitonieter  is  preeminently  fitted 
above  all  other  types  of  meter,  and  is  therefore  destined  to  have 
a  very  wide  use  in  the  future,  in  view  of  the  fact  that  every  year 
cities  and  towns  are  made  to  realize  that  consumption  must  be 
minimized  and  .  unnecessary  waste  stopped.  The  jjitometer  re- 
veals in  part  the  actual  interior  condition  of  the  pipe  and  measures 
the  flow  as  it  actually  takes  place  in  the  pipe  day  I:\v  day. 

The  writer  has  been  informed  that  the  cost  of  installation  of 
the  55  ^'enturi  meters  on  the  Metropolitan  system  was  in  the 
neighl)orhood  of  S90  000.  The  cost  of  an  equal  number  of  com- 
plete pitometers  would  probably  not  exceed  $20  000.  Making 
the  same  comparison  as  used  in  reference  to  the  Deacon  meters, 
for  an  eciual  investment  of  S90  000,  1  500  i)itometer  street  con- 
nections could  be  placed,  one  on  ea(di  mile  of  the  1  500  miles 
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of  piping  of  4  inches  and  over  in  diameter,  supplied  by  the  Metro- 
politan Water  Works  in  1905,  and  150  complete  pitometers  in- 
stalled, or  one  to  each  ten  miles  of  piping.  Thus  continuous 
records  could  be  taken  simultaneously  at  nearly  three  times  as 
many  points  as  is  possible  with  the  Venturi  meters  now  in  use, 
and  then  the  pitometers  could  be  moved  to  other  150  points,  and 
so  on,  until  the  day  and  night  flow  on  each  mile  of  the  system 
had  been  recorded.  The  great  increase  in  information  thus 
available  is  obvious;  and  although  it  doubtless  would  not  be 
desirable  to  go  into  the  matter  so  minutely  on  the  Metropolitan 
system,  the  above  figures  are  intended  to  show  what  might  be 
accomplished  by  the  use  of  pitometers  with  an  investment  equal 
to  that  made  in  the  case  of  the  55  Venturi  meters. 

Mr.  George  W.  Batchelder.*  We  used  the  pitometer  in 
the  fall  of  1903  with  most  satisfatory  results.  I  do  not  remember 
having  any  difficulty  with  it.  and  do  not  think  it  reciuires  any 
expert  knowledge  to  operate  it. 

We  found  some  very  startling  results  on  some  of  our  fire  pipes, 
which  results  were  afterwards  jjractically  verified  by  the  readings 
of  meters  placed  on  the  pipes. 

The  instrument  appeals  to  us  as  practical  and  easy  of  opera- 
tion, so  much  so  that  we  sliall  undoulitedlv  order  one  verv  short Iv. 


*  Water  Commissioner,  Worcester,  Mass. 
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\YATER  SUPPLY,  TYPHOID  FEYKR.  DIARRHEAL  DIS- 
EASES, AND  INFANT  MORTALITY  AT  BURLINGTON, 
YT.,  1879  TO  1005.  INCLUSH'E. 

BY  M.  X.  BAKER,  PRKSIDKNT  (JF  THE  BOARD  OF  HEALTH,  :\IOXTCLAIR, 

N.    J.,    AND    ASSOCIATE    EDITOR    OF    "  ENGINEERING    NEWS." 

[ReaJ  March  14.  1906.] 

The  water  supply  of  Burlington,  ^'t.,  affords  an  exceptional 
opportunity  to  study  the  relations  between  water  supply  and 
disease,  and  to  extend  such  studies  so  that  in  addition  to  typhoid 
fever  they  will  include  both  diarrheal  diseases  and  infant  mor- 
tality. This  opportunity  is  due  to  the  fact  that  Burlington 
draws  its  water  suppl_y  and  discharges  its  sewage  alike  into  I^ake 
Champlain.  without  purification  in  either  case,  and  to  the  further 
fact  that  its  vital  statistics,  while  not  wholly  satisfactory,  have 
for  a  long  period  of  years  been  superior  to  those  of  most  cities. 
The  study  is  rendered  doubly  interesting  and  significant  because 
two  increases  in  the  distance  between  the  water  intake  and  the 
main  sewage  outlet,  making  a  final  distance  apart  of  some  three 
miles,  as  compared  with  a  half  mile  originally,  appear  to  have 
failed  to  protect  the  water  supply  from  the  constantly  increasing 
discharge  of  sewage  into  the  lake,  which  latter  has  been  aug- 
mented of  late  by  the  sewage  of  other  localities  than  Burlington. 

My  first  acquaintance  with  the  water  supply  at  Burlington 
was  in  the  fall  of  1882,  when  u]ion  entering  the  University  of 
\'ermont  I  received  the  warning  customarily  given  to  students,  to 
drink  sparingly  of  the  lake  water  until  accustomed  to  it,  lest  it 
should  give  rise  to  diarrheal  trouble.  Durmg  and  subsequent 
to  my  course  at  the  university,  I  followed  with  interest  the  local 
contentions  over  the  relation  between  the  water  supply  of  the 
city  and  typhoid  fever,  diarrhea,  and  dysentery,  which  many 
believed  were  unduly  prevalent  in  Burlington. 

In  common  with  others  who  gave  attention  to  the  subject,  I 
thought   that  the   2^-mile  extension  to  the  water-works  intake 
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made  in  1894,  which  had  long  been  advocated,  would  secure 
to  Hurlington  the  purity  of  its  water  supply  for  many  years 
to  come.  At  the  annual  convention  of  the  New  England 
Water  ^^'orks  Association  held  at  Burlington  in  September. 
1S95,  I  listened  with  great  interest  to  the  paper  on  the  history 
of  the  Huiiington  water  works  and  the  account  of  the  construction 
of  the  intake  extension,  by  my  former  classmate  at  the  Univer- 
sity of  Vermont,  Mr.  F.  H.  Crandall,  then  and  until  recently 
su))crintendent  of  the  Burlington  water  works.  At  the  same 
conventif)n  I  heard  with  much  pleasiu'e  and  profit  the  notable 
paper  by  Prof.  William  T.  Sedgwick,  now  president  of  this  Asso- 
ciation, "  On  the  Sanitary  Condition,  Past  and  Present,  of  the 
Water  Supply  of  Burlington,  Vt."  (See  Jol'rnal  of  thp:  Xkw 
Ex(iLANi)  Water  Works  Association,  Vol.  X,  pp.  150-183, 
March.  1806,  for  both  these  papers.)  After  the  completion  of 
the  intake  and  the  presentation  of  the  two  papers  just  named, 
with  their  evidently  conclusive  testimony  on  the  e.xisting  and 
pr()bal)le  future  water  supply  of  Burlington,  the  controversial 
aspects  of  the  subject  passed  out  of  my  mind  until  the  publica- 
tion in  1905  of  Mr.  M.  O.  Leighton's  ''  Preliminary  Report  on  the 
Pollution  of  Lake  C'hamplain  "  (Water  Supj)ly  and  Irrigation 
Paper  No.  21,  United  States  Geological  SurA-ey).  In  this  report 
.Mr.  Leighton  considered  at  some  length  the  history  and  character 
of  the  water  supply  of  P)urlington,  and  included  many  analyses 
of  samples  of  water  collected  from  the  lake.  On  reading  this 
rei)ort  I  was  surprised  to  learn  that  Mr.  Leighton's  studies,  com- 
bined with  analyses  made  by  the  Vermont  State  Laboratory  of 
Hygiene,  at  Burlington,  indicated  that  the  water  supj)ly  of  tiiat  city 
was  again  in  a  dangerous  condition.  About  this  time  the  X'ermont 
State  Board  of  Health  issued  an  order  instructing  Burlington  to 
improve  the  character  of  its  water  supply.  The  city  authorities 
a])jx)inted  a  s])ecial  committee  to  investigate  and  report  on  the 
subject.  The  meml)ership  of  this  conmiittee  im-huhHl  Dr.  .John  B. 
Wheeler,  chairman,  and  Dr.  F.  F.  Clark,  secretary,  both  former 
health  officers  of  the  city,  and  Mr.  F.  O.  Sinclair,  M.  Am.  Soc. 
C.  Fj.,  then  recently  a])pointe«l  superintendent  of  water  works. 
In  June,  1905,  I  was  refiuested  by  the  committee  to  report  on 
the   best  means  of   improving  the  supply.     My  report  was  sul)- 
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mitted  in  the  following  August.  Its  conclusions,  in  brief,  were 
that  the  statistics  of  ty])hoid  fever  and  diarrheal  diseases,  to- 
gether with  the  analyses  of  the  water  supply,  indicated  that 
some  change  in  the  water  supply  was  necessary,  and  that  in 
view  of  the  abundant  supply  afforded  by  the  lake  and  the  fact 
that  the  works  were  designed  to  draw  thereupon,  it  was  advis- 
able to  continue  the  supply  from  that  source  and  to  jiurify 
it  by  means  of  slow  sand  filtration.  Subscciuently  the  special 
committee  embodied  my  report  in  one  made  by  it  to  the  city 
council.  In  general,  my  recommendations  were  indorsed,  with 
the  exception  that  it  was  not  considered  necessary  to  cover  the 
storage  reservoirs  on  the  hill,  and  that  the  filter  plant  should  be 
located  at  these  reservoirs  instead  of  at  the  lake,  as  suggested  by 
me.  By  locating  the  filters  on  the  hill,  the  necessity  of  low-lift 
pumps  would  be  ol)viated.  and  by  constructing  a  new  force  main 
from  the  pumping  station  to  the  filters,  it  would  be  possible  to 
supply  a  considerable  amount  of  unfiltered  water  in  the  heart  of 
the  business  district  for  l:)otli  fire  })rotection  and  elevator  service. 
The  existing  force  main,  it  may  be  exj^lained,  serves  as  a  dis- 
tributer to  branch  mains  along  its  course;  that  is,  the  sj^stem  is 
by  pumping  through  the  distriljuting  system  to  the  reservoirs, 
the  latter  serving  to  make  uj)  any  deficiency  and  to  supply  the 
city  at  any  time  when  the  pumps  are  closed  down.  Reference  to 
other  features  of  these  reports  will  be  made  later  on. 

In  view  of  the  detailed  information  regarding  the  Burlington 
water  supply  already  availalile  in  the  papers  l\y  Professor  Sedg- 
wick and  Mr.  Crandall.  as  printed  in  the  Journal,  and  in  Mr. 
Leighton's  report,  it  seems  unnecessary  to  go  over  the  subject 
in  detail.  A  few  facts,  however,  may  be  drawn  from  each  one  of 
the  papers  named.  These  facts,  coml)ined  with  other  information, 
having  been  given,  I  shall  addi'ess  myself  to  the  presentation  and 
discussion  of  those  portions  of  the  vital  statistics  of  Burlington 
which  bear  particularly  on  the  subject  in  hand. 

On  October  1,  1866,  the  city  of  Bm'lington  took  possession  by 
purchase  of  the  property  of  the  Burlington  .\queduct  Company. 
This  company  was  then  supplying  water  for  domestic  purposes 
only,  by  gravity,  from  springs  located  near  a  75  000-gallon  under- 
ground reservoir.      On  taking  possession  of   the  works,  the  city 
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installed  a  jiunip  having  a  c-ajjacity  of  63  000  gallons  per  day, 
and  l)egan  pumping  the  water  from  the  lake  to  augment  the 
supply  of  5  000  to  lo  000  gallons  daily,  delivered  through  some 
200  service  connections.  On  December  25,  1867,  the  city  began 
the  use  of  a  new  water-works  system  which  it  had  l)uilt  for  draw- 
ing water  from  the  lake.  The  intake  was  only  a  short  distance 
from  the  pumping  station,  which  was  located  on  the  lake  front. 
This  intake  continued  in  use  until  the  completion,  in  1894.  of  the 
2j-mile  intake  extension  already  mentioned.  One  or  more 
sewers  seem  to  have  been  in  use  prior  to  1867.  but  there  ap- 
])ears  to  have  been  no  sewerage  system  until  1875.  Up  to  1885 
the  main  outlet  sewer  discharged  at  the  dock  line  about  a  half 
mile  south  of  the  water  intake.  In  that  year  an  intercepting 
sew^er  appears  to  ha"ve  l)cen  constructed  to  convey  the  sewage 
to  a  point  farther  south,  the  new  outlet  being  about  three  fourths 
of  a  mile  from  the  water-works  intake.  Storm  overflows,  it 
ai^pears,  have  continued  in  use  since  this  extension.  The  water 
intake  extension  of  1894  separated  the  water  intake  and  outlet 
seAver  by  about  three  miles,  but  at  the  same  time  the  outlet  sewer, 
which  had  preA'iously  discharged  into  ciuiet  water,  serving  as 
a  settling  basin,  was  extended  to  the  dock  line,  and  since  then 
it  has  discharged  into  the  open  lake.  The  effect  of  the  basin 
named  was  to  remove,  presumably,  a  considerable  part  of  the 
dangerous  polluting  matter  from  the  sewage  before  the  latter 
reached  the  main  lake.  With  the  extension  of  the  outlet  to  the 
dock  line  the  full  volume  of  sewage  was  subject  to  the  lake  cvu'- 
rents,  as  exercised  within  the  line  of  the  lireakwater,  which 
parallels  the  water  front  for  al^out  a  mile.  The  normal  lake  cur- 
rent is,  of  course,  to  the  north,  l)ut  this  current  is  gentle,  and 
Avithin  the  bay  and  In'eakwater  it  is  not  only  less  pronounced  than 
without,  but  it  is  also  liable  to  reversal,  at  least  at  the  surface, 
by  atlverse  winds. 

The  new  water  intake  was  c()m])osed  of  24-in('h  cast-iron  jiipe, 
laid  in  75-foot  sections,  with  Falcon  ball  joints  l)etween 
sections.  The  75-foot  sections  were  joined  by  leading  in  the  usual 
way.  the  joints  being  of  the  bell-and-spigot  type.  This  jointing 
was  done  on  shore,  and  each  75-foot  section  was  tested  under 
hydraulic  pressure.     The  sections  were  then  moA'ed  out  l)y  scows, 
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sunk,  and  the  ball-and-socket  joints,  wiiicdi,  of  course,  had  l)een 
applied  beforehand,  were  connected  under  water  by  a  diver. 
The  Falcon  joints  are  described  by  Mr.  Crandall  as  follows: 

•■  This  joint  is  made  of  a  ball  cast  of  such  diameter,  larger  than 
the  pipe  on  which  it  is  to  l^e  used,  as  to  admit  the  desired  de- 
flection to  be  obtained  without  obstructing  the  waterway,  and 
a  flanged  spherical  ring  of  about  three-eighths  inch  greater  radius 
than  the  ball  and  of  such  width  that  the  ball  cannot  pass  through 
it.  These  two  parts  are  leaded  together  and  attached  to  one  end 
and  a  flanged  bell,  planed  so  as  to  make  a  tight  thimble  for  the 
ring  which  is  attached  to  the  other  end  of  a  section  to  be  laid. 

"The  flanged  joint  is  made  by  a  diver  with  the  aid  of  a  thin 
rubber  packing,  and  after  it  has  been  for  a  short  time  in  our  lake 
water  the  oxidation  which  takes  place  on  the  planed  surface  of 
the  ring  and  thimble  makes  it  entirely  watertight.  In  a  case  like 
that  of  our  intake,  where  there  is  no  current  of  constant  and  high 
velocity  to  kee]3  open  and  increase  the  size  of  leaks  induced  by 
changes  of  temperature  or  settlement,  it  may  safely  be  expected 
that  all  small  holes  will  be  closed  by  oxidation." 

^Ir.  Crandall  stated  in  his  paper  that  the  bottom  of  the  lake, 
on  which  the  pipe  rests, 

'"is  nearly  level,  but  there  are  two  summits  in  the  distance,  and 
on  those  summits  were  placed  brass  ferrules  with  two  one-eighth- 
inch  holes  bored  in  each  ferrule.  Before  these  holes  were  opened, 
the  water  was  let  on  at  a  pressure  of  about  20  pounds,  and  we 
noted  the  amount  of  leakage,  and  the  same  was  done  afterwards, 
showing  the  leakage  occasioned  by  the  holes.  This  was  done 
each  time  that  air  vents  were  j^laced.  and  when  the  test  was 
finally  made,  the  pressure  which  they  were  subjected  to  was  from 
12  to  15  pounds,  and  the  leakage,  aside  from  that  through  the 
air  vents,  was  about  100  gallons  per  hour  in  the  entire  length  of 
a];)out  8  miles," 

Attention  is  called  to  these  de.scriptions  of  the  methods  em- 
ployed in  making  and  testing  the  lead  joints  on  shore,  connecting 
the  sections  under  water,  and  testing  the  intake  conduit  after  it 
was  laid.  The  C|uestion  naturally  arises  whether  all  the  joints 
made  under  water  rusted  to  tightness,  as  ^Ir.  Crandall  expected 
would  be  the  case. 

The  ])rovision  of  a  gate  at  each  extremity  of  the  intake  con- 
duit, that  is  to  sav,  at  the  pump  well  and  at  the  upturned  outer 
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end  of  the  intake,  made  it  possible  to  retest  the  whole  intake  at 
any  time  after  it  was  put  in  use.  No  reference  to  such  tests  has 
been  found  by  me  in  the  annual  reports  of  the  Water  Department ; 
and  although  the  first  recommendation  of  my  report,  dated 
August  30,  1905,  was  that  such  tests  be  made,  none  had  been 
undertaken  up  to  March  1,1006. 

It  should  be  noted  that  the  intake  conduit  was  laid  in  Avater 
ranging  from  some  14  to  50  feet  in  depth,  and  terminated  in  water 
some  30  feet  deep,  but  with  a  strainer  capped,  upturned  end,  the 
upper  portion  of  the  perforated  cap  being  14  feet  lielow  ordinary 
low  water  in  the  lake.  The  successive  depths  at  which  the  intake 
was  laid  from  the  pumping  station  outward,  at  approximately 
ecjual  intervals,  were  as  follows:  12  feet  (near  the  shore),  24. 
38,  46,  48,  46,  46,  28,  45.  50,  44,  29.  31  (and  14  at  the  .strainer, 
at  stated  above). 

l^rofessor  Sedgwick's  paper  contains  a  number  of  very  inter- 
esting extracts  from  the  reports  of  successive  health  officers, 
beginning  as  early  as  1870,  calling  attention  almost  without 
exception  to  the  desirability  of  extendhig  the  old  intake  at  once. 
The  two  exceptions  were  to  the  effect  that  the  allegations  against 
the  character  of  the  city  water  supply  were  apparently  unfounded. 
In  the  year  1870,  Professor  Sedgwick  states,  there  were  5  deaths 
in  Burlington  from  dysentery  and  3  from  diarrhea,  and  in  1871 
there  were  10  deaths  from  dysentery,  according  to  the  city  reports. 
These  figures  certainly  emphasize  the  need,  even  as  early  as  1870, 
for  the  extension  of  the  intake,  which  was  deferred,  as  already 
indicated,  until  1894.  Professor  Sedgwick  included  in  his  paper 
the  substance  of  a  report  made  In-  him  to  the  city  of  Burlington 
in  1892.  In  that  report  he  reviewed  briefly  the  typhoid  statis- 
tics of  the  city  for  some  years  previous.  The  typhoid  mortality, 
together  with  the  deaths  from  diarrhea  and  dysentery,  he  did 
not  consider  alarming;  nevertheless,  the  body  of  the  statistical 
evidence  available,  combined  with  the  opinions  of  successive 
hoaitii  officers  and  practicing  physicians,  and  the  known  fact  that 
sewage  was  discharged  into  the  lake  so  near  the  intake,  all  pointed, 
he  concluded,  to  the  need  of  an  improved  water  supply,  which  it 
tlien  a])peared  could  best  be  secured  by  extending  the  intake. 
Such  an  extension  seeme<l  all  the  more  desirable  at  that  time  be- 
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cause  Mr.  F.  P.  Steams,  M.  Am.  Soc.  C.  Iv,  luul  ju<t  been  called 
ill  to  advi.se  on  the  abolition  of  the  nuisance  caused  at  low  water 
l)v  tlie  discharge  of  sewage  into  the  basin  at  the  mouth  of  the 
outlet  sewer.  Quite  recently  the  lake  had  been  unusually  low 
and  the  ex])osure  of  the  sludge-covered  mud  fiats  in  the  })asin 
had  resulted  in  an  almost  intolerable  stench.  Mr.  Stearns  ad- 
vised that  the  outlet  sewer  be  extended  across  the  basin  to  the 
lake  front.  This,  as  has  already  been  mentioned,  was  com- 
pleted the  same  year  as  was  the  extension  of  the  water  intake. 

Between  the  date  of  his  report  aiui  of  his  paper  read  in  1S!)5, 
I'rofessor  Sedgwick  made  numerous  tiacterial  analyses  of  water 
from  the  Burlington  supply,  and  took  pains  to  secure  the  opinion 
of  some  of  the  physicians  of  J3urlington  as  to  the  benefits  tlerived 
from  the  extension  of  the  water-works  intake.  The  concluding 
paragraphs  of  Professor  Sedgwick's  paper  of  bSOo  are  well  worthy 
of  (quotation  here: 

"  In  view  of  all  the  evidence  at  hand  —  statistical,  l)acterio- 
logical,  chemical,  and  medical  —  I  think  we  may  safely  conclude 
that  the  sanitary  condition  of  the  water  supply  of  Burlington  is 
now  most  excellent.  If,  however,  in  the  future,  Burlington 
grows  extensively  and  becomes  a  much  larger  city,  it  will  prob- 
ably become  necessary  here,  as  in  most  large  cities,  to  face  once 
more  the  question  of  a  pure  water  supply.  Special  pains  must 
also  be  taken  to  see  to  it  that  the  intake  pipe  is  kept  intact  and 
free  from  leakage.  The  unfortunate  experiences  of  Toronto  and 
of  Buffalo  with  broken  intake  pipes  afford  ample  warnings  in 
this  direction. 

"This  is  the  first  case  within  my  own  experience,  now  some- 
what extensive,  in  which  ej^idemic  diarrhea  in  a  mild  form  has 
prevailed  in  a  community  for  many  years,  having  its  etiology 
in  the  consumption  of  impure  water,  as  has  been  proved  by  its 
apparent  total  disappearance  on  a  change  in  the  source  of  supply. 
The  importance  of  the  case  in  the  history  of  water-borne  diseases 
is  manifest.  It  was  complicated  by  the  fact  that  typhoid  fever, 
which  is  usually  taken  as  a  measure  of  the  sanitary  condition  of  a 
community,  was  here  ordinarily  by  no  means  excessive,  and  that 
its  occasional  prevalence  might  easily  have  been  due  to  some- 
other  cause  than  polluted  water.  The  fact  seems  to  be.  however, 
that  it  was  in  truth  really  due  to  impure  water,  inasmuch  as  since 
the  extension  of  the  intake  pipe  in  1894,  typhoid  fever  has  practi- 
cally disappeared. 

"  It  would  seem  fair  to  conclude,  from  the  moderate  occurrence 
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of  typhoid  fever,  while  diarrhea  abounded,  that  germs  of  the 
hitter  disease,  more  hardy  than  those  of  the  former,  were  fre- 
(juently  able  to  survive  a  journey  from  the  sewer  outfall  to  the 
water  intake,  while  those  of  typhoid  fe^•er,  if  present,  usually 
perished.  In  future,  sanitarians  will  not  be  able  by  the  test  of 
typhoid  fever  alone  to  show  that  a  water  supply  is  above  suspicion. 
A  mild  form  of  diarrhea  caused  by  jjolluted  water  may  aj)par- 
ently  prevail  even  in  the  absence  of  any  constant  or  considerable 
excess  of  typhoid  fever." 

At  the  conclusion  of  the  first  of  the  paragraphs  just  ciuoted, 
it  will  be  noted  that  Professor  Sedgwick  suggested  two  possible 
future  contingencies  which  might  demand  renewed  efforts  to 
secure  or  maintain  a  pure  water  supply:  (1)  A  large  increase  in 
the  population  of  Burlington,  which  has  scarcely  taken  place  yet, 
since  the  population  now  appears  to  be  only  some  25  per  cent, 
more  than  it  was  then;  and  (2)  leaks  in  the  long  intake  pipe,  on 
which  possibility  there  seems  to  be  no  specific  information  avail- 
able up  to  the  present  time.  But  in  some  respects  even  more 
impressive  than  these  two  suggestions  are  the  remarks  in  the 
last  paragraph  of  the  quotation,  on  the  relation  between  a  pol- 
luted water  supply  and  an  excessive  amount  of  diarrhea.  This 
summary  of  a  most  significant  feature  of  the  sanitary  history  of 
the  Burlington  water  supply,  and  particularly  the  last  two  sen- 
tences of  the  paragraph,  mark  a  new  epoch,  as  I  believe,  in  the 
study  of  the  relations  between  water  supply  and  disease.  The 
impression  made  upon  me  by  these  remarks,  taken  in  connection 
with  m}^  early  knowledge  of  the  effect  of  the  Burlington  water 
supply  upon  new  students  at  the  Universit}'  of  Vermont,  and  my 
long-time  conviction  that  sewage  pollution  did  cause  other  intes- 
tinal disturbances  than  typhoid  fever,  determined  me,  on  taking 
up  the  investigation  of  the  Burlington  water  supply  last  year, 
to  attempt  a  more  detailed  study  of  both  the  ty])hoid  and  diar- 
rheal mortality  of  Burlington  than  had  ever  been  made  l:»efore. 
This  determination  was  strengthened  after  some  study  of  the 
Burlington  typhoid  liad  confirmed  the  opinion,  by  no  means 
held  by  me  alone,  that  much  of  the  disease  had  been  concealed, 
particularly  in  earlier  years,  by  reporting  deaths  that  were  actu- 
ally- from  typhoid  fever  as  some  one  of  the  now  well-recognized 
class  of  diarrheal  diseases. 
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Never  was  the  need  of  coiiiliiiiiiig  the  study  of  vital  statistics 
with  that  of  chemical  and  bacterial  analysis  of  a  public  water 
sup])ly  l)etter  illustrated  tiian  l)y  this  Burlington  case.  The 
futility  of  water  analyses  alone  is  well  put  l\v  Mr.  Leighton  in  his 
paper  on  the  "  Pollution  of  Lake  Chaniplain."  After  reviewing 
the  sanitar}^  history  of  the  Burlington  water  su])ply,  Mr.  Leighton 
says : 

■'  One  of  the  most  striking  features  in  connection  with  Burling- 
ton pollution  brought  out  by  the  report  of  Professor  Sedgwick 
is  the  apparently  enormous  power  possessed  by  the  lake  to  assimi- 
late large  cjuantities  of  contaminating  matter  and  to  conceal 
almost  every  chenucal  as  well  as  biological  evidence  of  the  pres- 
ence of  pollution." 

Mr.  Leighton  also  raised  the  question  whether,  in  the  twelve 
years  since  Professor  Sedgwick's  report,  the  lake,  or  rather 
Burlington  Bay.  had  received  so  much  pollution  that  it  had  lost 
a  part  of  its  power  of  assimilating  impurities.  He  then  presented 
a  number  of  series  of  analyses  of  samples  of  water,  collected  in 
the  latter  part  of  1904,  the  analyses  and  text  l.)eing  accompanied 
with  charts  showing  the  sampling  points.  The  object  of  these 
analyses  was  to  show  the  range  antl  strength  of  sewage  pollution, 
both  that  due  to  the  sewers  of  Burlington,  dischargmg  some  three 
miles  to  the  south  of  the  water  intake,  and  that  due  to  the  sewage 
of  Fort  Ethan  Allen  and  the  village  of  Winooski,  discharged  by 
way  of  the  Winooski  River  at  a  point  in  the  lake  about  three  and 
one-half  miles  to  the  north  of  the  intake,  Winooski  being  nearly 
ten  miles,  by  the  river,  from  the  river  mouth,  and  the  fort  some 
miles  alcove  Winooski.  (See  dis?ussion  of  the  Winooski  River 
influence,  further  on.)  Much  of  Mr.  Leighton's  analytical  work 
^^•as  admittedly  tentative,  some  of  the  results  were  conflicting, 
and  most  of  the  samples  from  given  points  were  of  a  single  date 
onh^  but  the  analyses  as  a  whole  were  instructive  and  indicated 
sewage  pollution  over  a  large  area,  including  most  of  the  area 
traversed  by  the  intake  conduit  and  also  the  area  between  the 
intake  mouth  and  the  mouth  of  the  Winooski  River.  Such  evi- 
dence as  was  secured  rested  chiefly  on  the  bacterial  rather  than 
the  chemical  analyses.  ]\Iost  of  the  counts  of  total  l)acteria  were 
not  hiah,  all  thinas  considered,  but  the  colon  l)acillus  was  indi- 
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cated  l)y  many  of  the  samples.  Mr.  Leighton  jjoints  out,  how- 
ever, that  the  coli  tests,  as  made  for  him  at  the  X'ermont  State 
Laboratory  of  Hygiene,  were  presumptive,  instead  of  direct, 
but  nevertlielcss  he  considered  that  such  of  these  as  gave  posi- 
tive results  were  undoubted  evidence  of  intestinal  bacteria.  He 
held,  in  conclusion,  that  the  Rurlington  water  supply  was  un- 
doubtedly polluted  by  sewage,  but  that  in  view  of  the  illusive 
character  of  the  sewage  contamination,  so  far  as  analytical  deter- 
minations are  concerned,  the  record  of  intestinal  diseases  in 
Burlington  was  the  best  means  of  showing  "the  unfavorable 
effects  of  Burlington  sewage  "  on  the  water  supply  of  the  city. 

In  none  of  the  published  studies  of  the  Burlington  water  supply, 
and  in  none  of  the  annual  reports  of  the  various  health  officers 
of  Burlington,  do  there  appear  (with  one  exception)  detailed 
typhoid  statistics  for  a  long  series  of  years;  and  nowhere  have 
there  l)een  published  detailed  statistics  of  diarrheal  mortality. 
In  Professor  Sedgwick's  paper,  already  mentioned,  the  total 
mortality,  typhoid  mortality,  and  percentage  of  the  latter  to  the 
former,  were  given  for  the  years  1870  to  1895,  inclusive,  and  some 
figures  were  also  given  of  the  typhoid  rate  per  100  000  for  selected 
years  and  for  groups  of  years. 

Although  my  first  negotiations  with  the  special  water  supply 
committee  at  Burlington,  in  June,  1905,  assumed  that  both  the 
pollution  of  the  water  supplj'  and  the  necessity  for  a  change 
of  some  kind  were  proven,  yet  it  was  finally  deemed  advisable 
to  show  beyond  all  question,  in  connection  with  recommendations 
for  improving  the  supply,  why  an  improvement,  and  that  imme- 
diately, was  imperative.  I  therefore  devoted  practically  all  of 
my  spare  evenings,  for  a  number  of  weeks  in  the  summer  of  1905 
(largely  as  a  labor  of  love),  to  an  exhaustive  study  of  the  Bur- 
lington city  reports  and  a  compilation  and  analysis  of  such  of  the 
vital  statistics  of  Burlington  as  I  thought  bore  upon  the  subject 
in  hand.  I  had  in  my  possession  the  annual  reports  of  the  city 
from  the  fourth  to  the  fortieth  (1868-69  to  1904,  inclusive),  but 
inasmuch  as  the  registration  of  vital  statistics  did  not  begin  at 
Burlington  until  well  into  the  year  1878,  I  started  my  figures 
with  the  calendar  year  1879.  Prior  to  1878  and  well  into  that 
year,  the  vital  statistics  of  Burlington  were  based  upon  a  canvass 
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of  the  city  made  in  January  of  each  year.  As  may  be  seen  from 
Professor  Sedgwick's  paper  (i)age  175).  no  deaths  from  tyjihoid 
wei'e  reported  in  Burlington  for  the  tlu'ee  years  1873  to  1875, 
inclusive.  In  view  of  the  fact  that  this  statistical  work  of  mine, 
as  already  stated,  was  largel_y  a  lal)or  of  love,  and  that  my  report 
to  the  special  water  commission  has  recently  been  published 
minus  all  the  statistical  tables  (Burlington  City  Rejjort  for  1905), 
perhaps  I  need  not  apologize  for  presenting  the  tables  complete 
herewith,  with  the  corresponding  figures  for  the  full  year  1905 
added  thereto.  I  shall  also  take  the  liberty  of  repeating,  with- 
out quotation  marks,  considerable  portions  of  my  comments  on 
the  tables,  as  made  in  the  appendix  to  my  report,  but  with  some 
alterations  in  form  and  with  some  additional  reflections. 

For  a  number  of  years,  beginning  with  1879,  the  vital  statistics 
of  Burlington  probably  surpassed  in  completeness  and  classifica- 
tion those  of  most  cities  of  its  size.  There  is  reason  for  believing 
that  they  are  still  more  than  usually  complete  and  well  summa- 
rized, but  it  seems  a  pity  that  Burlington  has  not  yet  adopted 
the  United  States  census  classification  of  the  causes  of  deaths 
and  thus  put  its  mortality  records  on  a  comparative  basis  with 
those  of  other  cities.  However,  most  of  the  essential  facts  appear 
to  have  been  given  for  some  years  past,  rendering  a  reclassifica- 
tion no  serious  matter.  The  footnotes  to  some  of  the  accom- 
panying tables  will  show  the  new  classifications  and  combinations 
made  in  connection  with  deaths  from  typhoid  fever  and  from 
diarrheal  diseases. 

Table  No.  1  shows  ))y  years,  from  1879  to  1905,  inclusive,  or 
for  twent}' -seven  years,  the  midyear  populations,  total  deaths, 
and  deaths  per  1  000  population,  and  also  for  typhoid  fever, 
diarrheal  diseases,  and  children  under  five  years  of  age,  the  num- 
ber of  deaths  and  the  death  rates  per  100  000  population  and  the 
percentage  which  the  deaths  from  each  of  these  diseases  bears  to 
the  deaths  from  all  causes.  For  typhoid  fever  alone  an  attempt 
has  been  made  to  include  the  yearly  number  of  cases,  but  it  was 
not  until  189S  that  the  cases  began  to  be  reported  with  anything 
like  apparent  completeness,  the  deaths  actually  ecjualing  or 
exceeding  the  cases  in  the  earlier  years  and  the  cases  not  being 
reported   at  all   in  years  as  recent  as  1889  and  1890.     As  may  be 
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seen,  this  table  shows  great  fluctuations  in  all  mortality  particu- 
lars except  the  death-rate  from  all  causes,  which  has  been  fairly 
constant,  and  that  at  a  hi.uh  rate  for  a  city  under  such  favorable 
natural  conditions  as  are  enjoyed  at  Jjurlington.  Particular 
attention  is  called  to  the  fact  that  although  the  typhoid  deaths 
for  the  year  1005  are  low.  onlx'  lo  per  100  000  jjopulation,  yet 
the  number  of  reported  cases  i'VI)  is  high,  and  so  are  the  total 
deaths  and  the  deaths  from  diarrheal  diseases  and  of  children 
under  five  years  of  age. 

Before  proceeding  further.  I  ^^■ish  to  ex}:)lain  why  I  have  in- 
cluded deaths  from  diarrheal  diseases  in  my  study  and  also 
deaths  of  children  under  five  years  of  age.  It  has  been  usual, 
heretofore,  to  stop  short  with  a  consideration  of  typhoid  fever  as 
an  index  of  water  pollution  and  a  measure  of  the  effect  of  such 
jjollution  on  the  pul)lic  health.  The  idea  has  often  been  ex- 
pressed, however,  that  public  water  supplies  unc],uestionably 
affect  the  total  death-rate  otherwise  than  through  tvphoid  fever. 
HoAV  to  measure  that  further  influence  has  never  yet  been  deter- 
mined, so  far  as  I  know,  but  it  has  been  suggested  agahi  and 
again  that  the  large  class  of  diseases  known  as  diarrheal  have 
their  many  fatalities  raised  or  lowered  Ijy  the  sanitary  quality  of 
the  water  supply. 

Unfortunately,  mere  cases  of  diarrhea  are  not  reported  at 
Burlington,  or,  so  far  as  I  know,  in  any  other  American  cit3\  In 
fact,  unless  serious,  most  of  them  do  not  come  to  the  attention 
of  a  physician.  Deaths  from  diarrhea  have  not  figured  high  at 
Burlington,  at  least  not  as  indicated  by  the  published  vital 
statistics.  This  may  be  due  to  difficult,  even  if  not  to  faulty, 
classification  and  to  variations  in  the  classification  of  reporting 
physicians  from  year  to  year.  To  have  some  broader  and  more 
stable  basis  of  comparison  than  is  afforded  l\v  diarrhea,  or  even 
diarrhea  and  dysentery  together,  I  have  included  in  my  Table  No.  1 
the  whole  class  of  diarrheal  diseases,  as  used  by  the  United  States 
Census  Bureau.  The  details  on  which  depend  the  total  for  diar- 
rheal diseases  shown  in  Table  Xo.  1  are  given  in  Talile  No.  2.  I  have 
been  compelled  to  add  two  colunms  to  the  list  of  headings  taken 
from  the  census,  namely,  gastro-enteritis  and  ulceration  of  the 
bowels.     If  I  may  venture  an  opinion  on  such  a  subject  I  would  sug- 
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gest  that  some  of  the  entries  under  these  two  lieads,  luuUn-  more  re- 
cent diagnosis,  would  have  swelled  the  typhoid  fever  totals,  as  given 
in  Table  No.  1 ,  for  the  corresponding  years.  The  same  is  doulitless 
true  of  some  of  the  other  entries  in  Table  No.  2.  In  fact,  1  think 
this  table  as  a  whole  is  a  strong  argument  for  an  entire  change  of 
base  in  the  study  of  polluted  water  supi)lies  and  the  public  health, 
particularly  in  the  case  of  the  older  records.  But  to  hold  more 
specifically  to  the  case  of  l^urlington,  I  think  no  impartial  com- 
petent judge  who  is  or  could  become  familiar  with  the  past  dis- 
putes at  Burlington  over  the  relation  l)etween  the  public  water 
supply  and  typhoid  fever  could  study  the  detailed  figures  of 
typhoid  fever  and  of  diarrheal  diseases  brought  together  in  this 
report  without  being  convinced  that  Burlington  has  had  far  more 
typhoid  fever  than  was  ever  reported  as  such,  and  that  there  was 
far  more  relation  between  the  water  supply  and  diarrheal  dis- 
eases than  has  generally  been  supposed. 

The  cholera  infantum  column  (Table  No.  2)  may  be  consulted 
Avith  possible  profit  in  connection  with  both  the  total  deaths  from 
diarrhea  and  the  infant  mortality  (the  latter  given  in  Table  No.  1). 
Some  may  be  inclined  to  exclude  cholera  infantum  from  diarrheal 
diseases  as  related  to  public  w^ater  supplies,  and  others  to  connect 
many  of  the  cases  with  impure  water.  The  figures  \\ill  l^e  inter- 
esting to  either  school  of  opinion. 

The  high  infant  (persons  under  fi\'e)  mortality,  whether  or  not 
attributed  in  part  to  the  water  supply,  certainly  demands  atten- 
tion, particularly  as  it  shows  comparatively  little  improvement  of 
late. 

If  it  be  assumed,  as  I  have  for  some  years  past,  that  a  persist- 
ent typhoid  death-rate  of  20  or  more  per  100  000  population  is  a 
reflection  on  a  public  water  supply,  it  will  be  seen  from  Table  No. 
1  that  the  Burlington  supply  has  been  subject  to  condemnation 
through  the  greater  part  of  the  twenty-seven  years  covered  by 
the  table,  with  no  allowances  whatever  for  the  deficiencies  hi  the 
statistics.  The  rate  has  ranged  from  6  to  79  per  100  000  and  in 
sixteen  of  the  twenty-seven  years  has  exceeded  27  per  100  000. 

In  his  report  to  the  city  of  Burlington,  made  in  1892.  Professor 
Sedgwick  referred  to  an  average  typhoid  rate  of  35.7  j:>cr  100  000 
for  a  term  of  years  as  not  high,  compared  with  other  cities  having 
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water  supplies  of  good  reputation.  For  that  date,  and  coniino" 
at  aljout  the  time  of  the  notable  studies  of  typhoid  fever  and 
water  supply  at  Chicago.  Philadelphia,  and  elsewhere,  made  by 
Professor  Sedgwick  and  Mr.  Allen  Hazen.  perhaps  an  average 
typhoid  death-rate  of  35  per  100  000  might  not  he  considered 
excessive,  but  I  think  few  persons  to-day  will  fail  to  agree  that 
so  high  a  rate  is  a  cause  for  deep  concern,  particularly  if  it  is 
suspected  that  all  typhoid  deaths  are  not  reported  as  such,  and  if 
it  is  found  that  diarrheal  and  infantile  mortalities  are  high.  In 
no  less  than  8  of  the  27  years  between  1879  and  1905,  inclusive, 
was  the  typhoid  death-rate  at  Burlington  above  35  per  100  000, 
while  for  these  eight  years  the  combined  mortality  from  typhoid 
fever,  diarrhea,  and  infantile  diseases  ranged  from  46  to  68  per 
cent,  of  the  deaths  from  all  causes.  For  convenience  of  com- 
parison I  have  brought  together  in  Table  2-A  the  deaths  })er 
100  000  from  all  causes  and  from  the  three  causes  named,  for  the 
eight  years  in  ciuestion;  and  to  emphasize  the  bad  general  sliow- 
ing  of  1905,  notwithstanding  its  low  typhoid  mortality  of  15  per 
100  000,   I  have  added  the  corresponding   figures  for  that  year. 

Having  examined  the  yearly  figures  and  their  vagaries  in  some 
detnil,  it  may  lessen  the  resulting  confusion  if  we  smooth  out 
the  extremes  by  considering  averages  for  larger  periods.  In  order 
to  get  ec[ual  periods  for  comparison,  and  also  to  put  by  itself 
the  year  in  which  was  made  the  2j-mile  extension  of  the  water 
intake,  the  averages  have  been  cast  in  the  three  five-year  groups 
))receding  and  two  similar  groups  following  the  year  1894.  For 
our  purposes  the  most  significant  colunms  in  Table  No.  3  are 
those  relating  to  typhoid  fever.  The  deaths  per  100  000  from 
this  disease  rose  from  27  for  the  five  years  ending  with  1883  to 
42  for  the  next  five  years  and  44  for  the  years  1889-93,  inclu- 
sive. The  new  intake  was  put  in  use  some  time  in  August,  1894, 
and  for  that  calendar  year  the  rate  fell  to  12.  In  1895  (Table 
No.  1)  it  dropped  to  6  per  100  000.  but  for  the  five  years  ending 
with  1899  it  was  10.  During  the  period  1900-4  the  rate  rose  to 
an  average  of  25,  or  nearly  equal  to  the  rate  for  1879-83.  In  1905 
it  fell  to  15,  but,  as  already  stated,  the  total  numlter  of  typhoid 
cases  and  the  other  statistics  in  Table  No.  1  are  far  from  reassuring. 

The  diarrheal  diseases,  if  we  take  both  the  deaths  per  100  000 
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and  the  percentages  of  death.s  from  all  causes  into  account,  show 
an  mcrease  !)efore  and  a  decrease  upon  and  after  the  intake 
extension.  Deaths  under  five  years  increased  in  the  second  five- 
year  period.  (lrop])ed  hi  the  third  period  and  fell  still  further  in 
1894;  since  1894  they  have  risen  and  fallen,  successively,  stand- 
ing for  1900-4  ciuite  near  the  rate  figures  for  1889-93.  For  1905 
the  mortality  from  diarrheal  diseases  was  higher  than  it  had  been 
since  1897. 

By  way  of  conqxirison,  it  may  l)e  notetl  that  for  the  registra- 
tion cities  of  the  United  States  in  the  year  1900.  according  to  the 
Twelfth  United  States  Census,  the  diarrheal  diseases  gave  an 
average  of  156.7  deaths  per  100  000;  the  range  was  from  191.7 
for  Rhode  Island  to  117.6  for  Michigan  cities.  The  corresponding 
rural  rates  were  97.2  for  all  the  registration  states;  172  for  Rhode 
Island  and  65.6  for  Vermont.  At  Burlington  the  diarrheal  death- 
rate  in  1900  was  182;   in  1904,  168;   and  in  1905  it  rose  to  232. 

So  many  other  factors  than  water  supply  enter  into  both  the 
diarrheal  and  the  under-five-year  rates,  and  particularly  into 
the  latter,  that  undue  weight  should  not  be  given  those  rates, 
but  on  the  whole  there  is  reason  for  congratulation  in  their  general 
continued  downward  tendency  and  also  in  the  like  progress  of  the 
general  mortality  or  deaths  from  all  causes.  But  these  several 
declines  make  all  the  more  striking  the  recent  steady  increase  in 
the  typhoid  deaths  per  100  000.  Turning  from  the  five-year 
periods  back  to  the  yearly  figures,  we  find  that  the  typhoid  death- 
rate  per  100  000  of  36  in  1904  and  of  38  in  1900  have  not  been 
exceeded  in  an}-  single  year  since  the  rates  of  63  and  45  in  1893 
and  1892.  respectively. 

It  is  only  fair  to  the  water  supply  to  say  that  milk,  oysters, 
and  some  other  foods  liable  to  sewage  pollution  may  spread 
typhoid:  and  that  the  common  house  fly  is  now  l)elieved  to  be  a 
means  of  infecting  food,  in  sections  where  privies  exist  and  are 
accessible  to  flies.  It  should  also  be  noted  that  with  populations 
no  larger  and  typhoid  deaths  no  more  numerous  than  found  in 
Burlington,  a  slight  addition  to  or  decrease  in  the  number  of 
deaths  from  typhoid  makes  large  variations  in  yearly  rates  and 
in  percentages  of  typhoid  to  total  deaths.  Contaminated  milk 
from  sonie  dairy  or  a  shipment   to   Burlinsi'ton  of  contaminated 
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oysters  might  not  cause  an  epidemic  of  such  magnitude  as  to  lead 
to  a  discovery  of  the  real  cause  of  the  trouble,  but  l^y  adding  five 
typhoid  deaths  to  tlie  list  might  greatly  increase  the  typhoid 
death-rate  for  a  given  year.  Another  possible  factor  in  the 
typhoid  fluctuations  may  be  patients  from  outside  Burlington 
admitted  to  the  Mary  Fletcher  Hospital.  It  may  be  noted  here 
that  the  hospital  sewage  for  some  years  was  discharged  into  the 
Winooski  River.  ])ut  al)out  1892  it  was  diverted  into  the  lake, 
thus  possibly  intensifying  the  danger  of  typhoid  infection  from 
the  water  supply.  The  mention  of  the  hospital  also  suggests 
two  other  institutions  which  in  times  past,  and  I  presume  at  the 
])resent  time,  add  an  element  to  the  population  which  may  have 
a  marked  effect  on  the  returns  of  deaths  from  i)oth  diarrheal  dis- 
eases and  children  under  fi"\'e  years  of  age.  I  refer  to  the  two 
children's  homes  in  the  city,  which  at  times  have  added  materially 
to  the  infant  population  by  receiving  children  from  other  parts 
of  Vermont,  and  therefore  may  explain,  in  ]iart,  the  high  infant 
and  diarrheal  disease  mortality.  It  is  not  probable  that  milk  and 
other  food  infection  combined  with  the  hospital  and  the  institu- 
tions for  children  would  fully  account  for  the  unsatisfactory 
typhoid  and  other  vital  statistics,  though  possibly  they  would 
lessen  somewhat  the  reflections  cast  on  the  water  supply. 

Unfortunately,  the  annual  reports  of  the  various  health  offi- 
cers of  Burlington  throw  no  light  upon  any  of  the  questions 
raised  in  the  last  few  paragraphs.  They  show  no  investigation 
whatever  of  individual  cases  of  and  deaths  from  typhoid  fe^'er  for 
the  purpose  of  tracing  and  removing  the  source  of  infection.  They 
give  evidence  of  much  concern  regarding  the  public  water  supply, 
but  of  no  attempt  to  settle  its  actual  or  assumed  connection  with 
typhoid  fever,  further  than  through  water  analyses.  T  am  the 
more  surprised  at  this  because  of  the  evident  care  and  thought 
given  to  some  phases  of  health  work  in  Burlington  during  the 
past  thirty-five  years. 

The  lack  or  apparent  lack  of  all  evidence  of  the  class  just  named 
seems  to  force  us  back  upon  deductions  already  drawn  from  the 
data  thus  far  presented,  an<l  ujion  some  further  details  of  the 
same  general  character,  namely,  the  monthly  distribution  of 
deaths  from  typhoid  fever  and  some  digests  of  water  analyses. 
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Tal)le  No.  4  show.s  the  luoiithly  distribution  of  typhoid  deaths 
from  1S79  to  1905,  inclusive.  The  total  typhoid  deaths  for  each 
month  during  the  entire  i:)eriod  are  also  given,  and  have  been 
rearranged  from  greatest  to  least  in  one  of  the  footnotes  to  the 
table.  The  combined  Februarys  have  19  of  the  120  deatlis  occur- 
ring during  the  twentv-seven  years,  and  the  combined  Januar\'- 
March  quarters  have  4-4  of  the  120  deaths.  The  lowest  combined 
quarterly  showing  is  19  typhoid  deaths  for  April-June.  The 
indications  are  that  the  ice-covermg  of  the  lake  is  conducive  to  a 
high  ty]:'hoid  death-rate.  Unfortunately,  the  returns  of  cases  are 
too  incomplete,  particularly  in  the  earlier  years,  to  be  of  much  value. 

A  study  of  the  analyses  made  at  the  State  Laboratory-  of  Hy- 
giene, and  published  in  the  yearly  report  of  the  AVater  Depart- 
ment, indicates  that  since  1899,  when  analyses  were  begun,  the 
water  has  frequently  been  of  a  decidedly  suspicious  character. 
Table  No.  5  presents  aA'erages  of  some  of  the  leading  features  of 
these  analyses.  The  chemical  figures  for  1899  and  1900  are 
notablv  higher  and  the  bacterial  figures  decidedly  lower  than 
those  for  later  years,  except  that  the  total  bacterial  counts  for 
1905  averaged  the  lowest  of  those  for  any  year  shown  in  the  table. 
Altogether  the  analyses  show  variations  not  easily  explained, 
particularly  when  taken  in  conjunction  with  the  vital  statistics. 
On  the  face  of  the  figures  the  average  analytical  results  have 
improved  or  remained  about  \stationary.  save  for  a  slight  increase 
in  total  bacteria  up  to  and  including  1904,  a  marked  fall  (to  172 
per  cubic  centimeter)  in  1905,  and  also  a  recent  increase  in  the 
relative  number  of  samples  showing  B.  coli  communis,  or  the 
organism  common  to  sewage. 

A  much  more  extended  series  of  B.  coli  determinations  than 
those  published  in  the  annual  reports  was  concluded  at  the  State 
Laboratory  of  Hygiene  in  January.  19()o.  A  summary  of  these 
daily  examinations  is  given  herewith,  as  Table  No.  6.  It  will  be 
:seen  that  of  337  daily  samples  no  less  than  147.  or  44  per  cent., 
showed  B.  coli  present;  also  that  the  percentages  by  months 
ranged  from  60  in  Deceml^er  and  57  in  January  to  25  in  July. 
Judged  by  generally  acce])ted  standards,  these  daily  coli  tests 
afford  the  most  direct  and  damaging  of  all  the  recent  testimony 
against  the  water  supply. 
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When  the  intake  was  extended  it  was  supposed  that  danger 
from  sewage  contamination  was  removed  for  many  years  to  come. 
To  account  for  its  so  speedy  recurrence  is  not  easy,  in  view  of 
all  the  circumstances  thus  far  presented,  unless  one  accepts 
either  one  or  the  other  of  two  possibilities:  increase  m  ^'olume 
of  sewage  resulting  in  a  wider  range  of  sewage  influence,  or  else 
leaks  in  the  intake. 

As  to  the  volume  of  sewage  now  reaching  the  lake  and  the 
))rol)ability  of  its  l)eing  carried  to  the  mouth  of  tlie  intake,  the 
following  is  interesting,  even  though  not  conclusive,  so  far  as 
actual  effects  are  concerned:  The  sewer  outfall  is  about  three 
miles  from  the  intake.  Mr.  Leighton's  studies  led  him  to  con- 
clude that  the  sewage  influences  are  widely  extended  and  some- 
times reach  the  intake.  He  gave  no  little  weight  to  the  pollution 
of  the  lake  at  the  intake  by  the  sewage  brought  down  in  the 
Winooski  River.  Unf[uestionably  this  is  a  possible  source  of 
danger,  but  it  appears  to  be  far  more  remote  than  the  danger 
from  the  sewage  which  Ikuiington  discharges  directly  into  the 
lake.  This  is  evident  on  considering  that  from  the  intake  to 
the  mouth  of  the  Winooski  is  3h  miles;  from  the  mouth  of  the 
river  to  the  poor-farm,  25  000  feet,  and  to  the  falls  of  the  Winooski 
25  000  feet  more.  For  these  distances  I  am  indebted  to  'Sir.  F.  O. 
Sinclair,  superintendent  of  water  works  at  Ikn-lington.  who  also 
informs  me  that  a  small  amount  of  crude  sewage  is  discharged  into 
the  river  from  the  poor-farm  l)uildings;  that  a  small  part  of  the 
))()pulation  of  liurlington  is  served  by  a  sewer  which  discharges 
into  the  river  below  the  falls;  and  that  Winooski  is  well  provided 
witli  sewers,  all  of  which  discharge  at  or  near  the  Falls.  Winooski 
had  a  po})ulation  of  3  659  in  1900.  Above  Winooski,  Fort  Ethan 
Allen,  I  am  informed,  discharges  the  sewage  of  1  000  or  more 
men  into  the  river,  and  al)ove  that  there  can  be  no  large  amount 
of  sewage  j^oUution  until  .Montpelier  is  reached,  and  the  direct 
})ollution  thei'e,  I  should  sujipose,  is  not  large. 

According  to  Mr.  Leighton's  paj^er,  tlie  \\'inooski  Ri\-er  has 
a  total  drainage  area  of  395  square  miles.  As  nearly  all  the  sewage 
reaches  the  ri\er  at  and  above  Winooski,  it  will  be  seen  that 
l)efore  reaching  the  intak(»  it  nuist  pass  nearly  ten  milcs'through  a 
relali\-elv  lai'ue.  slugiiish,  and  tortuous  stream,  and  then  oh  miles 
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across  the  lake,  or  niorc^  than  13  miles  in  all.  Sedimentation  and 
other  natural  causes  in  the  river  and  the  same  factors  in  the  lake, 
generally  acting  in  the  latter  case  over  a  wide  area  and  assisted 
by  a  still  greater  dilution,  musi  reduce  to  a  very  low  figure  the 
usual  number  of  sewage  bacteria  reaching  tlie  intake  by  way  of 
the  river.  Among  these  it  is  probable,  though  not  certain,  that 
the  typhoid  bacillus  would  seldom  l)e  found,  as  water  is  far  from 
being  its  natural  habitat  and  it  is  less  hardy  in  water  than  B.  coli 
and  other  forms. 

The  poor-farm  sewage  stands  much  more  (diance  than  does 
any  other  conveyed  by  the  river  of  reaching  the  intake  in  a 
dangerous  condition,  since  it  is  so  much  nearer.  Perhaps  more 
serious  still,  though  of  this  1  have  little  information,  is  the  render- 
ing works  on  or  near  the  lake  shore  opposite  the  intake.  Dejecta 
from  cases  of  typhoid  fever  at  either  the  poor-farm  or  the  render- 
ing works  might  l)e  cause  for  uneasiness  if  they  were  allowed  to 
get  into  the  river  or  lake  without  thorough  disinfection.  The 
populations  involved  at  these  points,  however,  are  small. 

Reverting  now  to  the  sewage  of  Burlington,  as  discharged 
directly  into  the  lake,  some  idea  of  what  this  amounts  to  can  be 
gained  from  Table  No.  7,  which  shows  by  five-year  intervals  the 
lengths  of  all  sewers  within  the  city  as  compared  with  the  mileage 
of  streets  and  of  water  mains.  It  was  not  until  1895  that  a  third 
of  the  street  mileage  was  ])rovided  with  sewers,  and  at  the  close  of 
1905  only  half  of  the  street  mileage  had  sewers.  The  water  mains 
have  always  covered  a  much  larger  percentage  of  the  street 
lengths  than  have  the  sewers.  Since  1895  the  sewer  mileage  has 
increased  by  half,  and  presumably  a  far  larger  percentage  of  the 
population  is  sewered  than  is_ indicated  by  the  relation  bet\\'een 
sewer  and  street  mileage.  Lack  of  sewer  connection  records  in 
early  years  makes  a  direct  comparison  of  sewer  and  water  connec- 
tions impossible.  All  the  indications  are  that  the  percentage 
of  the  total  population  connected  with  the  sewers  has  increased 
much  faster  of  late  than  the  total  population  itself,  and  that  this 
will  l)e  the  rule  for  some  years  to  come.  This  fact  may  have 
no  little  l)earing  upon  the  apparently  more  rapid  increase  of  pollu- 
tion of  the  lake  by  sewage  than  was  expected  when  the  intake  was 
extended. 


1S2  AVATKH    SUI'J'LV    AM)    DISKASK.    BURLIXfiTOX,    VT. 

Obviously  the  Burlington  records  ought  to  show  how  many 
and  just  what  houses  are  connected  with  the  sewers.  Such 
knowledge  is  essential  to  modern  health-protective  work.  A 
more  vital  lack  in  the  health-protective  equipment  of  Burlington 
is  the  absence  of  a  milk  ordinance,  combined  with  dairy  inspec- 
tions, dairy  and  milk  dealer  licenses,  and  other  essentials  to  the 
full  control  of  the  sanitary  condition  of  the  milk  supply  of  the  city. 
A  milk  ordinance  of  June,  1901,  aims  to  guard  milk  consumers 
against  tuberculosis,  the  dissemination  of  which  through  milk  is 
a  mooted  question,  and  against  milk  adulteration,  which  is  largely 
a  question  of  economics  rather  than  sanitation,  but  leaves  the 
people  wholly  unguarded  against  the  spread  of  typhoid  fever, 
scarlet  fever,  and  diphtheria,  and  the  aggravation  if  not  the 
spread  of  infantile  diarrheal  diseases  through  dirty  and  germ- 
infected  milk.  To  this  negligence  I  attribute  no  small  part  of 
the  excessive  infant  and  diarrheal  diseases  mortality,  and  through 
these  the  high  general  death-rate  as  well,  which  latter  is  excessive 
for  a  city  of  the  size,  character,  and  natural  advantages  of  Bur- 
lington. It  is  also  probable  that  some  of  the  typhoid  fever  has 
been  due  to  a  lack  of  complete  sanitary  supervision  of  the  milk 
supply. 

The  foregomg  paragraph  completes  the  modified  excerpts  from 
my  Burlington  report.  It  would  be  highly  interesting,  and  prob- 
abl>'  instructive,  if  time  permitted,  to  extend  this  study  in  the 
following  particulars:  Typhoid  records  of  Winooski  village  and  of 
Fort  Ethan  Allen,  and  the  extent  of  the  Winooski  sewerage  S3'stem 
at  various  dates;  out-of-town  patients,  total  deaths,  and  typhoid 
deaths,  by  years,  at  the  Mary  Fletcher  Hospital,  and  possibly 
the  yearly  number  of  inmates  and  the  vital  statistics  of  the  two 
children's  homes;  and  notably,  as  affecting  the  total  and  the 
infant  mortality,  the  distribution  of  jjopulation  of  Burlington 
by  age  and  nativity.  It  seems  ])robable  that  the  number  of 
children  in  liurlington  is  unusually  high  in  proportion  to  the 
])()luilation.  owing  to  the  presence  of  the  two  children's  homes 
and  the  considerable  numlwr  of  French  Canadians  living  in  the 
city.  But  none  or  all  of  these  further  lines  of  investigation  give 
.promise  of  removing  or  to  any  great  extent  lessening  the  suspicion 
attaching  to  the  water  sui^jily  of  the  city.     It  is  of  the  highest 
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importance  that  it  be  determined  at  once  wlicther  tlie  intake 
conduit  is  leaking,  and  if  no  whether  tlie  water  thus  admitted 
is  worse  than  tliat  taken  in  at  the  intake  mouth.  Such  a  deter- 
mination involves  tests  for  tightness,  provided  for  by  the  gates 
placed  at  each  end  of  the  conduit  when  it  was  constructed,  and 
also  a  fairly  extensive  series  of  analytical  tests  of  water  taken 
from  points  over  the  intake  mouth  and  at  selected  points  over 
the  whole  length  of  the  intake  conduit. 

Finally,  in  the  light  of  the  statistical  and  other  e\'idence  pre- 
sented Ijy  Professor  Sedgwick.  Mr.  Leighton.  the  \'ermont  Labora- 
tory of  Hygiene,  and  my.self.  it  seems  that  the  princi])le  laid  down 
by  Professor  Sedgwick  more  than  ten  }'ears  ago.  and  already 
once  quoted  in  this  paper,  is  now  estal)lished  l^eyond  all  cjuestion. 
namely:  "  In  future,  sanitarians  will  not  be  able  by  the 
test  of  tyjDhoid  fever  alone  to  show  that  a  water  supply  is  above 
suspicion."  The  additional  test  suggested  or  implied  by  Pro- 
fessor Sedgwick  was  the  statistics  of  diarrhea.  It  does  not  seem  to 
me.  however,  that  these  additional  figures  alone,  in  the  present 
state  of  vital  statistics.  Mill  be  adequate.  I  do  not  make  so  bold 
as  to  claim  that  the  whole  grouj)  of  diarrheal  diseases,  and  the 
infant  mortality  as  well,  are  essential  to  the  study  of  the  relations 
between  polluted  water  and  disease.  l)ut  I  think  the  evidence 
points  that  way  to  such  an  extent  as  to  demand  further  and 
broader  investigation. 
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TABLE  No.  2.  —  Deaths  from  Diarrheal  Diseases  at  Burlington,  \'t 
1879  to  1905,  Inclusive. 


II 

J 
o 

* 

< 

X 

5 
G 

* 

K 
H 
Z 
W 
to 
>• 
Q 

5 

IK 

0 

p 

1879 

18 

5 

2 

25 

1880 

20 

7 

3 

30 

1881 

12 

i 

I 

4 

19 

1882 

7 

3 

1  ■ 

i 

3 

2 

20 

1883 

8 

5 

12 

25 

1884 

16 

1 

3 

4 

30 

1885 

13 

1 

8 

2 

24 

1886 

19 

1 

2 

6 

29 

1887 

15 

4 

2 

4 

8 

33 

1888 

32 

1 

1 

12 

12 

59 

1889 

13 

9' 

1 

7 

5 

35 

1890 

26 

6' 

1 

2 

/ 

(i 

49 

1891 

14 

31 

3 

3 

2 

25 

1892 

37 

2 

3 

6 

7 

56 

1893 

15 

1 

i  1 

2 

1 

2 

5 

27 

1894 

22 

2 

2' 

1 

4 

3 

35 

1895 

14 

1^ 

2 

2 

1 

1 

21 

1896 

28 

51 

5 

2 

4 

1 

45 

1897 

22 

2 

2' 

2 

1 

82 

7 

44 

1898 

3 

3 

1 

2 

2 

1 

12 

1899 

21 

1 

11 

1 

8^ 

3 

35 

1900 

20 

1 

2' 

6 

5 

34 

1901 

21 

1 

3> 

2 

1 

3 

3 

34 

1902 

17 

1' 

1 

5 

1 

25 

1903 

17 

3' 

i 

2 

7 

30 

1904 

19 

5^ 

3 

3 

4 

34 

1905 

17 

41 

i 

9 

17 

48 

*  From  1879  to  1884,  inclusive,  diarrhea  and  dysentery  were  not  separately  reported. 

'  Entero-colitis. 

-  Including  one  intestinal  colic. 

3  Including  one  entero-colitis. 
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TAliJjE  No.  2-A.  —  Deaths  per  100  000  at  Burlixgtox,  Vt.,  from  All 
Causes,  Typhoid  Fever,  Diarrheal  Diseases  axd  Deaths  uxder 
Five  Years,  for  those  Years  ix  which  the  Typhoid  Death-Rate 
Exceeded  35  per  100  000.* 


Per  Cent. 

Inder 

Three 

All 

Typhoid 

Diarrheal 

Five 

Causes  are 

Causes. 

Fever. 

Diseases. 

Years. 

OF  All 
Causes. 

1882 

1  920 
1  720 

67 
79 

16() 
237 

732 

868 

50 

1884 

58 

18SS 

2  430 
1  630 

64 
56 

423 

245 

1  204 
679 

68 

1889 

60 

1 892 

1  920 

45 

363 

825 

65 

1898 

1  780 

63 

171 

595 

46 

]  900 

1  770 
1  800 

38 
36 

182 
168 

612 
622 

47 

1904 

46 

(1905t)   

( 2  100) 

(15t) 

(232) 

(700) 

(46) 

*  In  si.Kteen  of  the  twenty-seven  year*  from  1.S79  to  1905,  inclusive,  the  typhoid  naor- 
tahty  exceeded  20  per  100  000. 
t  1905  inserted  for  comparison. 


TABLE  No.  3.  —  Death-Rates  from  All  Causes  axd  from  Typhoid 
axd  other  Diseases  by  Five-Year  Periods  before  axd  after 
Extending  Burlington  Water-Works  Ixtake. 


All 

Typhoid. 

Diarrheal. 

Under  5  Years. 

Causes 
l>er  1  000. 

Per 
100  000. 

Per  cent, 
all  deaths. 

Per 
100  000. 

Per  cent, 
all  deaths. 

Per 
100  000. 

Per  cent, 
all  deaths. 

1879-83  .  . 
1884-88  .  . 
1889-93  .  . 

1894 

1895-99  .. 
1900-04  .  . 

20.2 
20.0 
18.2 

17.8 
18.5 
17.6 

27 
42 
44 
12 
16 
25 

1.48 
2.11 
2.43 
.69 
.86 
1.40 

204 
263 
256 
216 
182 
161 

10.9 
13.1 
14.1 
12.1 
9.8 
9.2 

789 
891 
690 
580 
668 
609 

43 
45 
38 
32 
36 
35 

1879-1904 
1905 

18.4 
21.0 

29 
15 

1.58 
.68 

208 
232 

11.2 
11.1 

708 
700 

38 
34 
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TABLE   Xo.    4.  —  Monthly    Distribution    op    Typhoid*   MoinALirY   at 
Burlington,  Yt.,  1879  to  1905,  Inclusive. 


K 

r" 

< 

t! 

a 

B 

z 

< 

K 

z 

< 

D 

1-5 

an 

g 
& 
<3 

o 
O 

a 
o 

O 

Q 

1879. . 

1 

1    2 

1880.. 

1 

1 

i 

3 

1881  . 

i 

2 

1882.. 

3 

2 

2 

8 

1883. . 

i 

1 

1884.. 

1 

2 

4 

2 

.   10 

1885.. 

1 

.    1(1) 

1886. . 

.  . 

2 

.    4(2) 

1887.. 

2 

1 

1    4(2) 

1888.. 

1 

1 

i 

1    9(5) 

1889. , 

1 

2 

1 

] 

1    8(2) 

1890.. 

1 

i 

i 

1    4(3) 

1891.. 

3 

1 

4 

1892.. 

1 

1 

2 

1 

1    7(4) 

1893.. 

1 

'4 

2 

.   10  (2) 

1894. . 

1 

.    2(1) 

1895.. 

1 

1 

1896.. 

i 

i 

1 

4(3) 

1897.. 

1 

1 

2(1) 

1898.. 

i 

i 

1 

'] 

5(1) 

1899.. 

1 

.    2(1) 

1900. . 

2 

2 

'] 

1    7 

1901.. 

1 

2 

i 

i 

.    .5  0) 

1902., 

1 

1    2 

1903. . 

1 

3 

1904.. 

1 

1 

2 

'] 

i 

7 

1905.. 

1 

1 

10 

1    3 

Total 

13 

19 

12 

5 

4 

12 

9 

10 

10 

7 

9  120  (29) 

*  Included  in  the  typhoid  niortality  as  here  given  are,  for  the  whole  period,  29  cases 
classed  in  the  city  reports  as  bilious  and  other  fevers.  The  totals  by  years  are  given  in 
parentheses  at  the  right  in  the  last  column;  in  detail  they  are  as  follows: 

1885.  —  1  tji^ho-malarial  fever  in  June. 

1886.  —  1  bilious  fever  in  June;     1  slow  fever  in  September. 

1887.  —  1  typho-malarial  in  Slay  and  1  in  December. 

1888.  —  1  continued  fever  in  April,  1  in  July,  2  in  September,  1  in  October. 

1889.  —  1  continued  in  Februar.v;    1  enteric  fever  in  April. 

1890.  —  1  continued  in  July;    1  typho-malarial  in  March  and  1  in  December. 

1892.  —  1  continued  in  January  and  1  in  December;  1  enteric  in  October;  1  tyi)ho- 
malarial  in  Augu.st. 

1893.  • —  1  bilious  in  February;    1  continued  in  March. 

1894.  —  1  bilious  in  August. 

1896.  —  1  continued  in  August;    1  typho-malarial  in  February  and  1  in  June. 

1897.  — ■  1  bilious  in  June. 

1898.  —  1  bilious  in  October. 

1899.  —  1  bihous  in  August. 
1901.  —  1  bilious  in  January. 

1885  to  1901:   Continuous,  11;    typho-malarial,  8;    bilious,  7;    enteric,  2;    slow,  1. 

The  deaths  classed  as  typhoid  in  the  above  table  have  been  rearranged  by  months  from 
highest  to  lowest,  as  follows:  February,  19;  January,  13;  Jul.v,  12;  March,  12;  J\me,  10; 
September,  10;  October.  10;  August,  9;  December,  9;  November,  7;  April,  5;  May,  4; 
total,  120.     The  monthly  mass  average  is  10. 

By  quarterly  periods  the  grouping,  from  highest  to  lowest,  is:  January-March,  44; 
July-September,  31;    October-December,  26;    April-June,  19;    total,  120. 
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TAJiLE  No.  o.  —  BiKLixGTOx  Watkk  Analyses  Averaged  i<y  Years. 
(Chemical  results  in  parts  per  1  000  000;  bacterial  in  1  c.  c.) 


Number 

OF 

Samples. 

B 

\CTERI.^. 

Chlor- 

Ammonia. 

Total. 

Coli  Present. 

ine. 

Free. 

Albuminoid. 

1  SO!) 

27 

268 

Not  reported 

1.4 

.031 

.141 

1900 

38 

529 

Not  reported 

2.3 

.039 

.139 

1901   

2-4 

1293 

7  of  24 

.9 

.021 

.134 

1902 

66 

617 

13  of  65 

1.1 

.014 

.115 

1903 

49 

641 

8  of  49 

1.1 

.011 

.113 

1904 

50 

782 

13  of  49 

1.0 

.012 

.114 

1905  .... 

49 

172 

12  of  49 

1.1 

.014 

.121 

The  nitrates  and  nitrites  were  first  reported  in  1903.  The  nitrates  have  been  as  follows, 
in  parts  per  million:  1903,  .190;  1904,  .180;  1903.  .187.  No  nitrites  were  found  during 
these  three  years. 

The  total  solids  for  39  samples  collected  during  190.3  ranged  from  95  parts  per  million 
on  October  11  (the  last  .sample  for  the  year),  with  a  loss  on  ignition  of  37,  to  58.5  parts  on 
May  5,  with  a  less  on  ignition  of  14.  The  maximum  figure  given  was  abnormal,  75  having 
been  exceeded  only  five  times. 

The  ciilorine  for  the  least  polluted  portions  of  Lake  Champlain  does  not  seem  to  have 
been  determined.  NVater  Supply  and  Irrigation  Paper  No.  144  (United  States  Geological 
Survey)  shows  the  lake  lying  between  Isochlors  0.3  and  0.4  (parts  per  million),  but  the 
normal  chlorines  of  waters  in  towns  near  the  lake,  in  the  vicinity  of  Burlington,  average 
about  0.5.  The  range  of  chlorine  found  in  the  samples  included  in  the  above  tabfe  has 
been  from  0.4  to  3.4.  By  years  this  range  has  been:  1899,  0.6  to  2.0;  1900,  1.6  to  3.4; 
1901,  0.4  to  1.4;  1902,  0.8  to  1.5;  1903,  0.9  to  1.4;  1904,  O.S  to  1.3;  1905,  0.9  to  1.3.  The 
3.4  figure,  like  a  number  of  others  for  1900,  was  for  a  sample  drawn  from  one  of  the  reservoirs. 

See  Professor  Sedgwick's  paper  (Journ.vl  of  New  Engl.\nd  W.\ter  Works  Associa- 
tion, Vol.  X,  p.  174)  for  28  analyses,  mostly  of  samples  from  various  points  in  the  lake, 
maile  from  1882  to  1889,  inclusive. 
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TABLE  No.  6.  —  B.  Coli  Com^mtixis  ix  Daily  S.vmpi.ks  of  Watek  kho.m 

THE    BURLIXGTON    WaTER    SuI'PLY.    FeUUUARY,    1904,     TO   Jaxuahy,    1905, 
IXCLUSIVE. 

(Examinations  of  1  cc.  of  water   made  at   the   Vorinoiit   State   Laboratory  of   Hygiene. 
B.  H.  Stone,  M.D.,  Director  and  Bacteriologi.st;  P.  S   C.iiixmiKm,  Assistant  Bacteriologist.) 


Month 
1904-5. 

Number  of 

Daily 
Samples. 

Per  Cent,  of 

Samples 
Positive. 

Month. 

Percentages 

Rearranged, 

Greatest 

to  Least. 

February  

29 
31 
30 
29 

28 

28 

31 

16* 

31 

30 

28 

26 

337 

34 
45 
3() 
51 
51 
25 
31 
31 
53 
33 
60 
57 

44t 

December 

January   

Octolier 

60 

March   

April     

57 
53 

May 

June 

July  . 

May 

June   

:\Iarch. 

51 
51 
45 

August 

September 

Octolier 

April 

Feljruary    

November 

.\ugu.st   

September 

July 

Year 

36 
34 
33 

Noyenil)er 

December 

Jauuar^•    

31 
31 
25 

Year 

44t 

*  Vacation  taken  this  month. 

t  Percentage  for  year  ba.sed  on  totals  for  the  year  and  not 
monthly  iiercentages;  that  is,  of  the  337  samples  examine<l, 
positive  results. 


merely-  an  a\'erage  of  the 
147,  or  44  per  cent.,  gave 


TABLE  No.  7.  —  Lexgth.s  ix  Mile*  of  Stkeet.s,  Sew  ers.  W.vfer  >L\ixs, 
AND  also  Populatioxs  axd  \^'.v^ER  C0X.SUMPT10X,  BuRLixcrrox,  Vt., 
at  Stated  Intervals. 


Length  in  Miles  of 

P0PUL.\- 
TION. 

AvKR.\Gf;    D.ilLY 

Water  Consumption,    Gals. 

Streets. 

Sewers. 

Water 
Mains. 

Total. 

Per  Capita. 

1880 

(50*) 

6.14 

(20*) 

11  365 

()()()  000 

53 

1885 

53.0 

8.54 
14.07 

28.71: 
30.4t 

1 2  980 
14  590 

621  812 
756  401 

48 

1890 

52 

1895 

54.9 

18.76 

35.7t 

16  615 

888  083 

53 

1900 

55.5 

23.91 

38.01: 

18  640 

857  250 

46 

1904 

56.6 

27.50 

40.01: 

20  260 

987  158 

49 

1905 

56.9t 

28.20 

40.01: 

20  665 

1  056  008 

51 

*  In  18S2  ;  not  reported  in  1880. 

t  Paved  and  macadamized,  22.8  miles;    graveled,  17.1  miles. 

t  Not  including  pipe  under  4  inches  in  diameter,  which  was  .5.8  miles  in  1SS.5  and  4.8  in 
1905. 

The  present  water  works  were  put  in  operation  on  December  2.5,  1867.  ISIention  of 
the  "  present  sewer  ''  was  made  in  the  annual  report  for  the  year  ending  February  1,  1868. 

An  unu.sually  high  percentage  of  the  total  population  h.as  been  sui^plied  with  water 
for  many  years,  according  to  the  annual  reports  of  the  water  department.  .\s  early  as 
1885  it  was  estimated  by  the  water  dei)artment  that  all  but  700  of  the  ponulation  was 
supplied  with  city  water;  in  1905  the  unsu|jplied  iJoi)ulation  was  likewise  given  as  only 
400.  'I'he  number  of  taps  or  services  at  the  close  of  1905  was  3  634.  or  over  1  per  6  of 
estimated  jjopulation;  at  the  same  time  there  were  2  867  meters  in  use,  or  79  per  cent, 
of  the  total  number  of  ta|)s. 
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Disrrssiox. 

Mi^  HoiiKRT  S.  Wkstox.*  Mr.  Preddcnl  and  GentJemen  of  the 
A.'^.wciation. —  The  speaker  had  the  good  fortune  to  look  over  Mr. 
Baker's  paper  in  advance.  It  r-ertainly  is  a  piece  of  very  serious 
and  very  careful  work.  Last  night  some  here  enjoyed  the  privi- 
lege of  listening  to  'Sir.  Baker's  after-dinner  speech  at  the  annual 
dinner  of  the  Boston  Society  of  Civil  Engineers,  in  which  he  took 
occasion  to  plead  for  a  broader  training  for  engineers  and  a  more 
thorough  study  of  engineering  jiroblems,  especially  of  sanitary 
engineering  problems,  saying  that  these  cpiestions  should  be 
studietl  statistically  and  not  (i  ■priori. 

Such  suggestions  are  very  timely,  especially  -when  one  considers 
that  progress  in  sanitary  science  must  be  based  upon  vital  sta- 
tistics and  that  vital  statistics  are  often  grossly  inaccurate.  One 
has  heard  of  the  scholar  in  politics  and  the  scholar  in  art;  in 
this  paper  Mr.  Baker  expresses  the  life  of  the  scholar  in  sanitary 
scieiu'e. 

In  looking  over  this  paper  it  is  esjjecially  interesting  to  note  how 
many  more  infants  there  are  who  die  from  diarrheal  diseases  than 
there  are  people  who  suffer  death  from  typhoid  fever.  The  ratio 
is  something  like  20  to  1.  If  these  other  diarrheal  diseases  were 
statistically  treated,  so  that  they  could  be  given  engineering 
notice,  they  would  certainly  be  a  worthy  subject  for  frequent 
discussion  in  connection  with  the  purity  of  our  water  supplies. 
Health  officers  freciuently  say:  "  Why  do  engineers  always  harp 
upon  the  typhoid  fever  death-rate?"  And  engineers  reply: 
'•  TluU  is  the  only  grou]:)  of  vital  statistics  Avliich  we  can  treat  as  a 
reality,  as  a  basis  for  any  definite  engineering  work  and  expendi- 
ture of  money."  It  is  certainly  very  gratifying  to  read  Sir.  Baker's 
scholarly  research  into  the  vital  statistics  and  his  attemjjt  to 
solidify  the  basis  for  the  design  and  construction,  o])er;ition,  and 
protection  of  water  supplies. 

In  this  connection  it  is  (luitc  interesting  to  remember  Mr. 
Hazen's  remarks  at  the  International  Engineering  Congress  at 
St.  Louis,  when  he  said  that  the  ex])erience  in  Albany  and  in 
several  other  cities  which  he  had  studied,  was  that  for  every 
reduction  of  1  per  100  000  in  the  typhoid  fever  death-rate,  there 
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seemed  to  l:^e  a  corresponding  reduction  of  3  or  4  in  the  genertd 
deatli-rate.  That,  if  true,  certainly  would  be  in  confirniation  of 
Mr.  Baker's  paper. 

Two  things  are  quite  noticeable  at  liurlington.  First,  there  is 
a  rather  uniform  distribution  of  typhoid  fever  throughout  the 
year,  while  in  many  other  cities  typhoid  fever  seems  to  reach  its 
height  in  the  fall.  This  would  point  to  the  absence  of  what  one 
calls  vacation  typhoid,  and  to  the  existence  of  typhoid  due  to 
local  causes.  Second,  the  water,  even  though  polluted,  is  of 
agreeable  appearance,  so  that  the  whole  community  partakes  of 
it  and  does  not,  as  they  do  in  many  other  cities,  resort  to 
spring  and  well  waters  of  doubtful  history.  The  problem  at 
Burlington  is  uncomplicated  by  such  side  issues  as  these. 

There  are  tw-o  fallacies  in  regard  to  the  public  health,  which,  in 
the  speaker's  opinion,  would  be  exposed  by  the  public  health 
statistics;  namely,  what  for  lack  of  better  terms  may  be  termed 
the  hospital  fallacy  and  the  prosperity  fallacy.  One  frequently 
hears  people  say,  as  is  written  in  Mr.  Baker's  paper  with  a  question 
mark:  "  Our  city  has  a  higher  typhoid  fever  death-rate  in  com- 
parison wdth  other  cities  because  we  have  a  hospital  in  our  city  ; 
because  this  hospital  draws  upon  the  surrounding  country  for 
patients,  and  because  the  deaths  of  these  out-of-town  patients  are 
included  in  the  statistics."  In  opposition  to  this  idea  one  should 
remember  that  many  people  go  away  from  home  and  die  of 
typhoid  fever.  One  should  also  remember  that  every  large  center 
of  population  has  a  hospital,  and  naturally  every  large  center  of 
population  draws  upon  the  surrounding  country  for  the  support 
of  that  hospital.  Even  in  suburban  towns  and  cities  there  are 
hospitals,— -Waltham,  Newton,  Brockton,  Fall  River,  Taunton, 
Lowell,  Lawrence,  all  have  hospitals,  —  and  in  comparing  statis- 
tics we  are  comparing  the  statistics  of  cities  in  all  of  w'hich  there 
are  hospitals.  Therefore  it  does  not  seem  to  the  speaker  that  the 
health  officer  is  justified,  when  he  speaks  about  the  typhoid  fever 
death-rate  in  a  city,  in  excusing  lack  of  sanitary  excellence 
because  of  the  presence  of  a  hospital,  unless  all  the  figures  are 
given. 

Then  there  is  another  fallacy,  which  may  be  called  the  pro.s- 
perity  fallacy,  which  is  this  :  People  say,  "  Our  connnunity  is  a 
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very  prosperous  oominuuity ,  u  rich  comnmnity,  and  cvor\'  summer 
a  large  number  of  people  go  away  on  vacations,  and  when  they 
come  home  tliey  bring  typhoid  with  them.  This  typhoid  fever  is 
not  due  to  conditions  in  our  city,  but  it  is  due  to  the  conditions 
of  the  summer  vacation."  There  is  a  great  deal  of  truth  in  this 
statement,  of  course,  V)ut  the  speaker  does  not  think  it  explains 
everything  by  any  means  (for  example,  why  the  wealthy  cities 
frequently  have  low  typhoid),  and  urges  that  in  studying  public 
health  cjuestions  the  statistical  method  be  used, —  but  not  the 
statistical  method  which  Dr.  Carroll  D.  Wright  exemplifies  when 
he  says,  "  Statistics  do  not  lie,  but  statisticians  sometimes  do." 

It  is  a  great  pleasure  to  praise  Mr.  Baker's  work  and  his  paper, 
both  for  their  scientific  spirit  and  their  spirit  of  public  service. 

1'rof.  C.-E.  a.  Winslow.*  I  have  listened  with  very  great 
pleasure  to  Mr.  Baker's  paper,  not  only  for  the  results  which  have 
been  obtained,  but  also  as  a  study  in  method  to  be  pursued. 
This  is  one  of  those  cases  where  the  damage  was  of  the  kind  that 
could  not  be  detected  and  proved  by  any  gross  methods.  It 
needed  the  careful  use  of  statistics  and  the  careful  analyses  of 
bacteriological  and  chemical  data  to  prove  it ;  but  it  has  been 
proven  here,  I  think,  without  a  shadow  of  a  doubt.  Of  course 
statistics  are  difficult  things  to  handle.  In  the  first  place,  in  this 
country  there  are  only  a  comparatively  few  cities  and  towns  that 
have  good  vital  statistics;  and  in  the  second  place,  statistics 
reciuire  expert  skill  and  care  hi  handling  after  they  are  collected. 
When,  as  in  this  case,  you  have  statistics  which  have  been  well 
collected,  and  which  are  ably  analyzed,  you  are  on  safe  ground. 
One  table  which  Mr.  Baker  has  bee7i  good  enough  tf)  let  me  look 
over  shows  the  typhoid  deaths  by  months  for  a  period  of  years, 
and  I  think  an  inspection  of  that  table  alone  would  be  enough 
to  convince  any  one  familiar  with  typhoid  fever  that  most  of  the 
typhoid  hi  Burlington  is  due  to  the  water  sup])ly.  In  the  first 
place,  if  milk  epidemics  were  important,  the  typhoid  deaths  would 
be  grouped  together,  a  considerable  number  in  a  single  month, 
because  a  milk  epidemic  almost  always  effects  a  considerable 
number  of  peojjle  at  the  same  time.  That  is  not  the  case  here. 
The  deaths  occur  two  or  three  at  a  time  only,  and  there  are  no 
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large  epidemics.  In  the  second  place,  the  yy.nwi  to  which  Mr. 
Weston  alluded  is  not  significant,  the  typhoid  deaths  being  rather 
evenly  distributed  over  the  year,  showing  even,  as  Mr.  Weston 
did  not  state,  a  slight  concentration  in  the  winter  and  in  the  early 
spring. 

Now,  as  Professor  Setlgwick  has  })ointed  out  at  a  t)revious  meet- 
ing of  this  association,  there  is  a  clear  distinction  between  the 
distribution  of  typhoid  fever  by  seasons,  when  it  is  due  to  water 
and  when  it  is  not.  W^hen  typhoid  fever  is  due  to  causes  other 
than  water  it  has  a  regular  seasonal  curve.  The  typhoid  germ  is 
((uite  suscejjtible  to  the  temperature,  and  in  cities  not  having  a 
polluted  water  supply  the  disease  increases  in  the  autumn,  reach- 
ing its  height  in  Septemlier  and  October.  That  is  almost  an 
invariable  rule,  as  has  been  shown  l\v  the  study  of  statistics  all 
over  the  globe.  On  the  other  hand,  where  you  have  a  jjolluted 
water  supjily,  typhoid  deaths  are  most  apt  to  occur  in  the  winter, 
not  in  midwinter,  but  at  the  beginning  of  the  winter  when  there 
are  heavy  rains,  and  at  the  end  of  w'inter  when  the  thaws  come, 
because  those  are  the  times  of  flood  when  most  polluting  material 
is  washed  into  the  water  supi:)ly.  The  figures  for  Burlington  show^ 
exactly  that  distribution,  and  there  can  be  no  doubt  that  the 
typhoid  deaths  are  due  mainly  to  the  water  supply. 

Again,  I  think  this  paper  furnishes  very  v^aluable  testimony  as 
to  the  importance  of  bacteriological  analyses.  The  commonly 
accepted  standard  is  that  water  which  is  good  to  drink  should  not 
give  a  i^ositive  test  for  the  colon  bacillus  in  one  cubic  centimeter 
certainly  not  over  50  per  cent,  of  the  time.  We  have  lacked  data 
to  enable  us  to  fix  the  standard  very  closely,  but  that  has  been 
considered  a  conservative  estimate.  This  paper  suggests  that 
perhaps  that  estimate  is  a  little  too  high.  The  analyses  in  Bur- 
lington, where  there  was  a  slight  pollution,  and  only  a  slight  pollu- 
tion, when  compared  with  the  water  supplies  of  Philadelphia  and 
Pittsburg,  and  many  other  cities,  show  the  colon  bacillus  in  about 
40  per  cent,  of  the  samples,  I  think.  This  shows  that  we  certainly 
have  not  been  too  stringent  in  insisting  upon  the  50  per  cent,  limit, 
and  it  suggests  that  we  should  probably  insist  on  still  greater 
purity. 

There  is  just  one  other  point  I  should  like  to  say  a  word  about, 
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and  that  is  the  very  important  question  of  the  deaths  of  young 
children,  to  which  Mr.  Baker  has  alkided.  \'ery  few  people  who 
have  not  studied  vital  statistics  realize  the  importance  of  this 
factor  in  the  death-rate,  or  comprehend  that  in  some  communities 
from  30  to  40  per  cent,  of  the  total  deaths  occur  under  five  years 
of  age.  That  is  the  case  in  many  of  our  large  cities,  and  it  is  the 
case  in  Iku'lington.  It  means  that  perhaps  a  fifth  or  two  fifths 
of  the  children  born  are  .swept  out  of  existence  before  they  are 
five  years  of  age.  I  do  not  think  that  any  large  part  of  this  death- 
rate  can  ])e  attributed  to  water.  In  the  first  place,  the  deaths  are 
largely  of  children  under  one  year;  and  it  has  been  shown  by 
extensive  studies  in  Germany  and  elsewhere  that  for  the  most 
part  this  death-rate  is  due  to  milk,  and  to  cow's  milk,  and  to 
rotten  cow's  milk,  —  that  is,  it  is  due  to  a  poisoning  from  the 
putrefaction  of  cow's  milk  before  the  children  are  fed  upon  it.  But 
whatever  it  is  due  to,  it  certainly  behooves  every  one  to  see  that 
the  matter  is  properly  studied. 

I  believe  that  a  great  deal  can  be  gained  l)y  inciting,  as  Mr. 
Baker  has  apparently  wished  to  do,  bf)ards  of  water-works  officials 
to  watch  health  boards.  Health  boards  already  exercise  a  pretty 
close  supervision  over  water-works  officials,  l)ut  I  think  the  rule 
should  w^ork  the  other  way,  too.  It  seems  to  me  that  every 
public-spirited  citizen,  and  certainly  every  water-works  official, 
should  study  the  vital  statistics  in  his  own  town  and  find  out  if 
there  is  an  excessive  death-rate  among  children.  If  water  is  not 
the  cause,  he  should  get  after  the  health  l^oard.  the  proper  officials, 
the  people  who  should  supervise  the  milk  sup])ly,  and  other  sani- 
tary dangers,  and  have  them  see  to  it  that  conditions  are  remedied. 

B.  H.  8tone,  M.D.*  It  is  with  much  hesitation  that  I  venture 
to  discuss  a  paper  which  I  have  not  had  the  ojiportunity  of  hearing, 
and  probal)ly  some  things  which  I  say  would  remain  unsaid  if  that 
opportunity  had  V)een  mine.  I  am,  however,  fairly  familiar  with 
Mr.  Baker's  views  of  the  Burlington  water  question  as  expressed 
in  his  report  prepared  for  the  Special  Water  Committee  ap})ointed 
to  consider  the  question  of  a  new  supply.  With  most  of  the  views 
expressed  in  tlial  re])ort  I  am  in  accord.  There  are  a  few  features 
of  the  situation  which  Mr.  Baker  passes  over  as  of  little  importance. 
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to  which  we  at  the  Lal)oratory  of  Hy<;'ieiie  are  iiicUned  to  *iive 
more  weiirht.  Mr.  Baker  suiisests  that  the  discussion  be  along 
the  following  lines: 

1.  Leakage  of  intake  pipes  and  anal>'tical  means  of  detect- 
ing it. 

2.  Dangers  from  the  sewage  of  Burlington  as  compared  with 
that  of  Winooski  and  Fort  Ethan  Allen. 

3.  Typhoid  records  at  Winooski  and  Fort  Ethan  Allen. 

4.  Typhoid  at  the  Mary  Fletcher  Hospital. 

5.  Influence  of  out-of-town  inmates  at  tlie  hospital  and  two 
children's  homes  u])on  the  general  death-rate  and  other  mortality 
figures  as  given  in  Table  No.  1. 

In  I'egard  to  the  first  point,  little  can  be  said  from  the  sanitary 
aspect  beyond  what  has  already  been  said.  We  have,  so  far  as  I 
know,  no  analytical  data  to  prove  such  an  accident.  Specimens 
of  water  taken  over  our  own  intake  resemble  very  closely  those 
taken  from  our  service  pipes.  On  the  other  hand,  it  is  perfectly 
evident  fi'om  the  slight  analytical  difference  between  water  takeil 
in  the  region  of  the  intake  and  much  nearer  shore,  as  is  brought 
out  in  Mr.  Leigliton's  paper  on  the  "  Pollution  of  Lake  Champlain," 
that  a  large  admixture  of  shore  water  would  be  possible  \\ithout 
any  appreciable  analytical  change  to  prove  its  presence.  This 
jiroblem  seems  to  me  to  be  one  which  nmst  be  attacked  from  an 
engineering  rather  than  from  a  sanitary  standpxnnt. 

With  regard  to  the  second  point  suggested  by  Mr.  Baker  for 
discussion,  /.  e.,  the  dangers  from  the  sewage  of  Burlington  as 
compeared  with  that  of  Winooski  and  Fort  Elthan  Allen.  I  must  take 
some  exception,  ^fr.  Baker  jjasses  over  the  Winooski  River  as  of 
little  importance  in  the  Burlington  water  problem,  while  we  are 
convincevl  that  it  is  a  factor  of  real  importance,  and  perhaps  the 
most  dangerous  source  of  infection  to  our  water  supply.  Our 
groitnds  for  this  opinion  are  based  upon  the  followina'  jiropositions 
which  we  think  are  cajnible  of  proof  : 

1.  That  Wmooski  and  Fort  Ethan  Allen  jjour  into  the  river 
the  raw  sewage  of  a  popidation  of  approximately  5  500. 

2.  That  the  tcjpograjjhy  of  the  region  is  such  as  to  render  it 
possible,  and  even  jn-ol^able.  that  some  portion  of  this  sewage  may 
reach  this  intake. 
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3.  That  we  have  optical  evidence  that  our  water  is  affected  by 
the  river  at  times  of  flood. 

[.  That  there  is  an  increase  of  (li;irrlie;il  di.'-'eases  follo\\ing  high 
water  in  the  Winooski  River. 

The  population  of  Winooski  has  increased  very  materially  since 
the  new  intake  was  put  in  operation  in  1894,  and  Fort  Ethan  Allen, 
with  its  population  of  1  500,  has  been  established  since  that  date. 
This  post  was  first  occupied  in  1 894,  when  three  troops  of  cavalr\' 
arrived  there.  Since  that  time  it  has  gradually  increased  in  size, 
until  now  it  is  the  second  largest  militar\'  post  in  the  United 
States,  having  a  continuous  population  of  about  1  500  men.  The 
Winooski  River  receives  the  sewage  from  this  post  a  short  distance 
above  Winooski.  That  the  water  is  highly  ];olluted  when  it 
reaches  Winooski  is  amply  proven  by  a  large  amount  of  analytical 
data,  some  of  which  is  published  in  !Mr.  Leighton's  paper  and  some 
of  which  appears  in  the  various  reports  of  the  A'ermont  State 
Board  of  Health.  A  striking  evidence  of  the  danger  of  this 
pollution  was  brought  out  by  a  recent  experience  in  the  village. 
One  year  ago  this  winter  the  Winooski  water  supply  proved 
insufficient  and  arrangements  were  made  to  use  the  Burlington 
water.  There  was  some  delay  in  making  the  connections  and  the 
authorities  were  forced  to  allow  the  untreated  river  water  to  flow 
through  the  pipes  for  about  twenty-four  hours;  although  people 
were  warned  against  drinking  it,  some  t^Nelve  or  fifteen  cases  of 
typhoid  occurred  within  the  next  two  weeks. 

Float  work  which  has  been  done  by  Professor  ^'otey,  although 
not  yet  completed,  shows  that  the  time  required  for  water  to  pass 
from  Fort  Ethan  Allen  to  the  mouth  of  the  ri^■er  is  in  the  vicinity 
of  seventeen  hours.  The  distance  from  the  village  of  Winooski 
to  llie  mouth  of  the  river  is  not  over  two  miles,  but  on  account  of 
its  tortuous  course,  the  river  flows  nearly  ten  miles  in  making  that 
distance.  In  spite  of  this,  the  water  at  the  mouth  of  the  river  is 
badly  polluted,  as  has  been  proven  by  analytical  data  taken  at 
various  seasons  of  the  year  through  the  ice  and  in  the  summer 
months.  This  poUutioii  can  be  traced  anal\tica]lv  for  a  con- 
siderable distance  from  the  mouth  of  the  ri^■er.  The  current  of 
the  river  at  its  mouth  is  south.  The  shore  currents  of  the  lake 
inside  the  iironiontoiies.  as  ])i-()\en  by  Mr.  I.eighton,  are  southern. 
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From  the  mouth  of  the  river  to  the  intake  the  'listance  is  about 
three  miles.  For  2^  miles  of  this  distance  the  water  is  nowhere 
over  ten  feet  in  depth,  and  for  the  last  quarter  of  a  mile  not  over 
twenty-five  feet.  Now  at  times  of  low  water  it  is  probably  verv 
true,  as  suggested  by  Mr.  Baker,  that  the  sewage  from  Fort  Ethan 
Allen  and  Winooski  is  largely  taken  care  of  by  sedimentation  and 
other  natural  causes,  but  in  times  of  high  water  these  causes  are 
not  in  operation,  and  the  highly  })olluted  waters  rush  over  the  sand 
flats  at  the  mouth  of  the  river,  sti'ike  the  southern  lake  currents, 
and  are  carried  directly  over  the  region  of  our  intake.  That  this  is 
true  is  j)lainly  demonstrable  after  such  a  period  of  high  water.  At 
such  a  time  the  line  of  muddy  water  can  be  noted  passing  almost 
as  far  south  as  Junijjer  Island  and  circling  around  Apple  Tree  Point 
over  the  intake.  A  photograjjh  which  I  enclose  *  shows  this 
rather  poorly.  At  such  times  drift  wood  coming  from  above 
Fort  Ethan  Allen  as  far  up  as  Essex  Junction  is  found,  from  twelve 
to  twenty -four  hours  after,  strewn  along  the  shores  of  Sunset 
Bay,  having  pas.'^ed  the  entire  distance  down  the  river  and  over 
the  intake  in  this  time.  After  such  a  period  of  high  water,  the 
water  coming  into  our  reservoir  and  passing  through  our  service 
pipes  shows  a  decided  increase  in  turbidity  for  .several  days.  That 
this  muddy  water  carries  with  it  sewage  organisms  is  plainly 
evident  from  the  fact  that  we  are  always  able  to  detect  the  colon 
bacillus  from  our  service  pipes  at  such  a  time,  and  that  such  high 
water  is  invariably  followed  by  an  unusual  number  oi  cases  of 
typhoid  and  diarrhea.  Such  an  occurrence  happened  this  winter 
following  one  of  our  rapid  t'laws.  Tlie  water  was  so  muddy  that 
a  very  perceptible  sediment  woukl  collect  in  the  bottom  of  a  glass. 
In  the  next  two  weeks  there  were  eight  or  ten  ca.ses  of  typhoid,  and 
diarrhea  was  almost  universal.  At  times  of  high  water,  of  course, 
the  dilution  of  sewage  is  great;  bat  .sedimentation  does  not  take 
place,  and  the  rapidity  of  the  flow  is  so  nuich  greater  that  the 
reduction  by  dilution  is  more  than  compensated.  Furthermore, 
in  such  a  tinie  of  thaw,  much  filth  which  has  accumulated  on  the 
frozen  ground  is  wa.shed  into  the  river.  Although  the  fact  of  this 
great  dilution  will  prol)ably  prevent  any  considerahle  epidemic  of 
typhoid  at  such  times,  we  believe  that  in  its  pre.sent  position 

*  Not  reproduced.  —  En. 
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our  intake  is  more  in  danger  by  this  source  of  pollution  than  l\y 
Burlington  sewage.  It  is  rather  a  strange  coincidence  that  Fort 
Ethan  Allen  was  established  on  the  AVinooski  River,  increasing 
this  so  materially  as  a  source  of  contamination,  in  the  same  year 
that  our  intake  was  removed  so  much  nearer  to  the  mouth  of  this 
river. 

Burlington  sewage,  barring  the  effect  of  the  winds,  is  influenced 
by  the  general  southern  shore  currents  of  the  lake  which  sweep  it 
south  into  and  by  Shelburne  Bay,  where  it  circles  north  again 
between  Burlington  and  Juniper  Island,  when  it  is  se])arated  from 
the  intake  by  two  miles  of  deep  and  comparatively  still  water. 
Sedimentation  is  much  more  operative  here  than  in  the  moving 
waters  of  the  river.  In  tlie  specimens  taken  by  -Mr.  I.eighton  and 
examined  in  this  laboratory,  some  specimens  taken  in  the  deep 
water  on  the  line  between  the  mouth  of  Shelburne  Harbor  and  the 
intake  showed  no  colon  bacilli,  and  showed  a  water  (juite  nearly 
like  the  normal  water  of  the  broad  lake. 

I  am  enclosing  the  typhoid  and  diarrhea  statistics  from  the 
hospital  at  Fort  Ethan  Allen.  (Table  Xo.  8.)  I  was  unable  to 
procure  satisfactory  statistics  from  Winooski.  T  am  also  enclosing 
a  table  which  shows  the  number  of  cases  from  l^urlington  which 
have  been  examined  for  typhoid  by  the  Widal  reaction  at  this 
laboratory.  (Table  No  9.)  I  have  given  figures  for  the  positive 
and  negative  cases,  as  those  which  failed  to  give  the  reaction  would 
naturally  come  under  the  diarrheal  diseases.  It  will  be  noted  that 
the  number  of  ])ositive  cases  in  every  instance  is  larger  than  the 
number  rejjorted  to  the  health  officer.  This  indicates  in  my  mind 
that  a  good  many  cases  of  genuine  tyjilioid  are  jjrobably  not 
reported . 

I  am  inclined  to  think  that  the  out-of-town  typhoid  cases  which 
are  treated  at  the  hospitals  and  the  two  homes  are  of  very  little 
importance,  as  all  of  these  institutions  avoid  taking  these  cases, 
and  when  so  taken  the}'  aj)pear  on  the  reports. 
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TAIMJ-;    .\().  8. — Statistics  of  Typhoid   Fevkk   a.vd  Diakuhea  at    Foht 

Ethan  Allen. 


Year. 

1906  1905 

1 

1904 

1903 

1902  1901 

1900 

1899 

1898* 

1897 

1896 

1895  1894 

Typhoid 

— 

3 

1 

1 

— 

1 

— 

1 

6 

1 

1 

4 

Dysentery 

— 

1 

— 

4        3 

5 

— 

1 

6 

— 

1 

— 

— 

Diarrhea 

7 

23 

41 

24       in      :;i    *  —      24 

47 

17 

15 

6 

5 

*  In  the  fall  months  of  this  year  (1898). the  First  Vermont  Volunteers  were  stationed 
here,  coming  from  Cami>  Thomas.  During  the  time  of  their  stay  there  were  fifty-five 
(55)  cases  of  typhoid  treated  at  the  Post  Hospital.  These  cases  do  not  appear  in  the 
above  table. 

The  case  of  dysentery  noted  (]905'>  was  acquired  in  Philijijjine 
Islands. 

This  exceri3t  from  Post  Hospital  records  dates  from  October 
1,  1894,  to  present  month  of  March. 

All  records  for  the  volunteer  forces  stationed  here  at  any  time 
have  been  sent  to  siiroeon-general's  office.  Washington.  D.  C. 

C.    R.    ROBBINS, 

Captain  and  AssiMnnt  Sun/eon,  U.  S.  A. 


TABLE  Xo.  9.  —  Burlington  Fever  Cases  which  have  been  .Sub.iected 
to  the  Widal  Test  at  the  Laboratory  of  Hygiene,  Burlington,  Vt. 


Year. 

Positive. 

Negative. 

Year. 

Positive. 

Negative. 

1898 

41 

31 

1902 

20 

24 

1899 

43 

22 

1903 

29 

68 

1900 

52 

34 

1904 

56 

32 

1901 

37 

54 

1905 

77 

113 

Mr.  C.  r.  ?tro\T.*  Since  any  statement  of  my  opinion  on  the 
question  of  the  influence  of  the  Winooski  River  on  the  intake  of  the 
Burlington  water  works  would  be  simply  a  repetition  of  Dr. 
Stone's  remarks,  as  our  ideas  on  this  c[uestion  have  always  been  in 
full  accord.  I  will  simi)ly  submit  some  additional  data  on  the 
ciuality  of  the  water  of  the  Winooski  River.  In  addition.  I  send 
as  much  information  on  the  number  of  cases  of  typhoid  fever  in  the 
village  of   Winooski    as   is  at   present    available  (Table  No.  10). 

*  Chemist,  Vermont  State  Board  of  Health,  Burlington,  \i. 
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These  data  are  taken  from  the  number  of  specimens  sent  to  the 
I  laboratory  of  Hygiene  for  the  Widal  test  and  are  probably  more 
af'f'iirate  than  the  number  of  cases  reported  to  the  heaUh  officer, 
which  i:«  not  available  at  this  time. 

In  tlie  table  of  water  analyses  (Table  No.  11).  the  samples  were 
taken  from  the  Winooski  River  in  the  following  places: 

I.  Several  hundred  feet  above  the  outlet  of  the  sewer  of  Fort 
Ethan  Allen. 

II.  Below  the  outlet  of  the  sewer  of  the  fort  (sample  was  taken 
near  shore  and  current  of  river  was  towards  that  shore). 

III.  Above  the  upper  dam  at  the  village  of  Winooski. 

l\.  Below  the  village  of  Winooski.  (Sample  was  discolored 
and  contained  very  high  chlorine,  probably  caused  in  part  l)y  mill 
waste,  but  as  yet  we  have  had  no  opportunity  for  further  study  of 
this  problem.     We  hope  to  do  more  along  this  line  this  spring.) 

\.  Sample  taken  at  the  temporary  intake  of  the  Winooski 
Aqueduct  Company  at  the  American  Woolen  Company's  mill  at 
village  of  Winooski.  This  sample  was  taken  at  the  time  mentioned 
by  Dr.  Stone,  when  the  river  water  was  alloAved  in  the  mains  of  the 
Winooski  Acjueduct  Comj)any  for  twenty-four  hours,  causing 
much  typhoid,  as  shown  in  year  1003-1  of  Winooski  typhoid  table. 

\l.  Sample  taken  at  railroad  bridge  near  the  mouth  of  Winooski 
River. 

Besides  these  analyses,  further  data  nuiy  be  found  in  the  Water 
Supply  Pa})er,  United  States  Ceological  Sur\ey  Xo.  121,  Tables 
xxii  and  xxiii  and  Fig.  7. 

TABLE  Xo.  10.  —  Specimens  Ex.\mined  at  Laboratory  of  Hygiene  for 
Typhoid  from  Winooski. 


Results. 

Year. 

Positive. 

Negative. 

Total. 

Nov.  1.  1898 -Dec.  1,  1900, 

5 

11 

16 

19()()-19()1 

6 

16 

22 

1901-1902    

2 

7 

9 

1902-1903    

4 

9 

13 

1903-1904    

18 

38 

56* 

1904-1905    

/ 

18 

25 

*  Year  in  which  river  water  was  used  for  twenty-four  hours. 
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Mn.  M.  ().  Leightox.*  The  subject  of  this  paper  is  of  great 
interest  to  the  writer.  During  the  summer  of  1904  he  had  occa- 
sion to  look  into  it  to  some  extent  in  connection  with  an  investi- 
gation maintained  by  the  United  States  Geological  Survey  upon 
the  ])oIhition  of  Lake  Cham])lain.  Among  the  results  of  that 
investigation  was  a  demonstration  of  the  fact  tliat,  although  the 
water  in  the  broad  lake  did  not  contain  bacillus  coli  communis, 
the  entire  area  in  front  of  the  city  of  Burlington,  and  from,  thence 
northward  to  and  beyond  Apple  Tree  Reef,  the  point  of  the 
present  intake,  was  infected  l)y  Burlington  sewage.  This  was 
shown  by  the  almost  constant  ap])earance  of  coli  in  the  sam))les 
collected. 

Mr.  Baker's  first  table  shows  that,  althougli  no  relation  is 
apparent  between  the  total  deaths  and  the  number  of  deaths  from 
typhoid,  the  number  due  to  diarrheal  diseases  appears  to  fluctuate 
with  the  total  in  an  extremely  interesting  manner.  The  large 
number  of  fatalities  from  diarrheal  diseases  is  a  distinct  factor  in 
increasing  the  general  death-rate  at  Burlington. 

Another  interesting  fact  shown  by  Table  No.  1  is  the  a]ij)arent 
faithfulness  with  which  the  cases  of  typhoid  fever  ha\e  been 
reported  in  Burlington  since  1898.  The  writer  is  now  referring 
to  those  cases  which  are  well  marked  and  easily  diagnosed  and 
recognized  by  the  practitioner.  It  ajipears  from  a  review  of  the 
report  of  the  Medical  Commission  appointed  to  investigate  the 
origin  and  spread  of  typhoid  fever  in  the  United  States  military 
camps  during  the  Spanish  War,  that  7.61  per  cent,  of  the  typhoid 
cases  were  fatal,  while  American  hospital  experience  in  general 
seems  to  show  that  about  9.25  per  cent,  are  fatal.  Assuming  that 
8  per  cent,  is  a  conservative  figure,  it  will  be  seen  that  there  is  an 
luinsual  faithfulness  on  the  part  of  the  physicians  in  reporting 
typhoid  cases,  the  reports  in  some  years  being  equal  to  tlie  proba- 
ble actual  cases  as  comported  upon  this  basis. 

Of  course  we  know  that  a  great  mam'  of  the  deaths  re])()rted 
as  being  due  to  diarrheal  diseases  were  actually  the  result  of 
typhoid,  and  if  the  numbers  were  known,  they  would  j^robably 
constitute  a  surprising  pro})ortion  of  the  wliole.     It  will  he  remem- 

*  Chief  of  Division  of  Hydro-Economics,  United  States  Geological  Survey,  Washing- 
ton, D.  C. 
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bered  that  the  investigation  of  the  Medical  Commission  above 
referred  to  showed  that  the  army  surgeons  diagnosed  a])out  one 
half  the  cases  of  typhoid  fever  in  military  hospitals  during  the 
Spanish  War,  and  it  has  not  l)een  shown  that  j)h3^sicians  in  ei\il 
life  betray  a  much  greater  degree  of  success  in  general  diagnostic 
ability  than  those  in  the  army. 

Another  interesting  point  emphasized  by  Table  No.  1  is  that 
every  important  change  that  has  been  made  in  the  sewerage  and 
water-supply  systems  of  Burlington  has  been  followed  by  a  marked 
reduction  in  either  the  number  of  deaths  from  typh(Hd  or  from 
diarrheal  diseases,  and  it  ilhistrates  how  misleading  may  be  the 
statistics  of  a  single  year  <n'  of  a  short  period.  It  will  be  noted 
in  Table  No.  1  that  there  were  79  deaths  per  100  000  from  typhoid 
in  1S84,  but  in  1885,  the  tlate  when  the  main  outlet  sewer  was 
moved  one-half  mile  farther  away  from  the  water  intake,  there 
were  only  8  deaths  per  100  000.  i^imilarly ,  in  1894,  the  year  after 
the  removal  of  the  water  intake  from  the  northern  dock  limit  in 
the  city  out  to  Apple  Tree  Reef,  there  was  a  reduption  in  the 
number  of  typhoid  deaths  of  from  63  to  12  per  100  000,  and  this 
reduction,  by  the  way,  persisted  for  several  years.  It  is  further 
particularly  interesting  to  note  that,  in  1898,  the  date  of  the  plac- 
ing in  commission  of  the  new  storage  reservoir,  there  followed  an 
enormous  reduction  in  the  deatlis  from  diarrheal  diseases.  It 
appears  that  none  of  these  changes  have  effected  a  permanent 
benefit  in  Burlington,  and  yet,  if  the  statistics  immediately  fol- 
lowing the  dates  of  those  changes  be  taken  alone,  wondrously 
deceptive  statements  may  be  made. 

Mr.  Baker's  Table  No.  2  shows  that  among  the  fatal  diarrheal 
diseases,  cholera  infantum  comprises  a  very  large  ]~iroj)ortion. 
Presumably,  this  infantile  trouble  is  due  in  only  a  mituite  degree 
to  the  public  water  supi)ly,  and  the  deaths  ])robably  all  occurred 
during  the  hot  months.  It  woidd  be  interesting  to  have  a  state- 
ment of  the  seasonal  distrilmtion  of  the  deaths  from  these  diseases, 
because  it  is  especially  important  to  know  whether  the  greater 
proportion  of  them,  other  than  cholera  infantum,  occurred  during 
the  winter  months,  wlien  the  lake  is  coated  with  ice.  If  such  is 
the  case,  the  evidence  against  the  water  supply  would  be  even  more 
conchisive  than  it  appears  from  the  resvdts  presented.     It  would 
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be  interesting,  too,  to  compare  the  diarrheal  morbidity  in  BurUng- 
ton  during  the  winter  season  with  that  in  Michigan  City,  Ind., 
where  each  winter,  up  to  the  time  that  tlie  Chicago  sewage  was 
diverted  from  Lake  .Michigan,  they  had  an  epidemic  of  what  was 
locally  known  as  "  winter  cholera,"  due  undoubtedly  to  the  infec- 
tion of  the  lake  supj)ly  by  Chicago  sewage.  The  infection  was 
rapklly  transmitted  along  the  south  shore  of  the  lake  by  prevail- 
ing northerly  winds  and  confined  and  concentrated  imder  the  ice 
sheet  which  usually  forms  there. 

In  connection -with  Table  No.  2-A,  which  shows  that  during 
about  one  third  of  the  tim.e  since  the  year  18S0  Burlington  has 
h;id  an  abnormal  typhoid  rate,  it  is  interesting  to  notice  that  all 
the  abnormal  years,  except  two,  occur  previous  to  the  extension 
of  the  water  intake  to  Apple  Tree  Reef.  From  1880  to  1894, 
abnormal  typhoid  rates  appear  about  ever}'  second  or  third  year, 
but  during  the  eleven  years  subsequent  to  this  extension,  the 
rate  has  been  abnormal  during  two  years  only.  The  same  condi- 
tion is  exemplified  in  the  deaths  from  diarrheal  diseases.  Accept- 
ing the  rate  of  20  per  100  000  as  an  arbitrary  division  between 
normal  and  abnormal  diarrheal  disease  death-rates,  it  will  be  seen 
from  an  examination  of  Table  No.  1  that  during  tlie  years  up  to 
1894,  the  abnormal  death-rate  largely  ])redominated,  while  since 
that  time  the  abnormal  rate  has  appeared  only  on  three  occasions. 

Tal:)le  No.  3  emphasizes  the  improvement  brought  about  by 
the  extension  of  the  conduit  in  the  year  1894,  and  shows  clearly 
the  gradual  return  to  the  old  conditions  during  more  recent  years. 
Why,  in  the  lapse  of  years  since  the  extension  of  the  intake,  there 
should  have  been  a  gradual  return  to  former  conditions,  is  a  cjues- 
tion  which  can  hardly  be  answered  with  the  present  information. 
There  are  some  reasons  for  believing  tliat  the  conti)uied  discharge 
of  Burlington  sewage  into  the  lake  has  increased  the  infected  area 
until  it  now  reaches  to  the  intake  at  Api^le  Tree  Reef.  The  series 
of  samples  taken  in  front  of  Burlington  in  September.  1904,  along 
the  line  shown  in  Fig.  7,  page  87,  of  Water  Supply  and  Irrigation 
Paper  No.  121,  United  States  Geological  Survey,  would  seem  to 
indicate  a  very  general  extension  of  the  infected  area,  coli  com- 
munis being  present  in  nearly  all  samples.  That  this  is  not  a 
natural  condition  is  shown,  as  stated  at  the  beginning  of  this  dis- 
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cussion,  by  the  fact  that  in  the  broad  hike.  coH  coninumi^  (h)es 
not  appear  to  ])e  present. 

There  is  also  some  reason  for  beheving  that  the  eonchiit  extend- 
ing from  the  pumping  station  to  Apple  Tree  Reef  may  have 
deA'eloped  leaks,  which  are  responsible  for  a  return  of  the  old 
conditions  of  typhoid  and  diarrheal  morl)i(lity.  This  matter 
could  and  should  l)e  thoroughly  investigated.  The  conditions 
of  the  investigation  are  such  that  the  work  would  have  to  be 
directed  along  bacteriological  lines  and,  in  fact,  just  here  is  pre- 
sented one  of  the  unmistakable  cases  in  which  the  value  of  bacteri- 
ology in  connection  with  water  investigation  is  shown.  In  order 
that  the  work  may  be  of  value  and  the  residts  be  made  dependa- 
ble, special  preparations  should  be  made,  and  a  competent  man 
should  give  his  entire  attention  to  every  detail  of  the  investigation. 

Daily  and.  if  possible,  semi-daily  samples  should  be  taken  from 
the  mouth  of  the  intake  at  Apple  Tree  Reef  and  from  some  point 
along  the  conduit  after  it  emerges  from  the  lake,  possibly  at  the 
pumping  station.  These  samples  should  be  taken  in  series. 
Bacterial  counts  and  tests  for  coli  communis  should  be  made,  and 
a  comparison  of  the  two  series  should  show  conclusively  whether 
or  not  the  conduit  admits  infected  water  through  leaks  developed 
since  the  laying  thereof.  Besides  being  of  immense  local  value, 
such  an  investigation  would  be  of  interest  from  a  general  scientific 
standpoint  and  would  be  useful  reference  for  all  future  water 
investigations  of  a  like  character. 

One  of  the  most  important  e\'idences  concerning  the  culpal)ility 
of  the  water  with  reference  to  the  production  of  typhoid  in  Burling- 
ton is  contained  in  Table  No.  6.  It  is  especially  significant  that 
the  highest  typhoid  rates  occur  during  the  season  when  the  lake 
is  covered  with  ice,  when  there  is,  one  might  say,  a  short  circuit 
between  the  sewer  outlet  and  the  water  intake.  If  we  examine 
the  .seasonal  distribution  of  urban  typhoid  throughout  the  United 
States,  it  will  be  found  that  ciuarterly  periods  from  highest  to 
lowest  are  (1)  September  to  Xovembei';  (2)  December  to  February  ; 
(3)  June  to  August;  and  (4)  ^larch  to  May;  while,  according  to 
Mr.  Baker's  groupings,  the  highest  C[uarterly  period  at  Burlington 
is  January  to  ^larch,  during  which  season  Lake  Champlain  is 
generally  coated  with  ice. 
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Mr.  linker's  Table  Xo.  5  affords  a  concrete  illustration  of  the 
value  of  coli  tests  in  revealing  dangerous  pollution  in  a  water, 
while,  on  the  other  hand,  the  general  futility  of  the  nitrogen  deter- 
minations for  such  purposes  is  amply  demonstrated.  In  fact, 
throughout  all  the  Burlington  investigations,  the  nitrogen  determi- 
nations have  been  of  no  aid  in  tracing  the  cause  of  disease  and, 
as  a  whole,  the  case  forms  one  of  the  best  of  a  great  many  which 
demonstrate  the  general  uselessness  of  the  time-honored  determi- 
nations of  free  and  albuminoid  ammonia,  nitrites  and  nitrates,  in 
surface  water  investigations. 

Mr.  Baker's  observation  that  the  jjollution  of  Winooski  River 
has  probably  very  little  to  do  with  the  infection  of  the  water  supply 
is  supported  to  a  large  extent  by  observations  of  the  writer. 
There  are  times,  however,  during  seasons  of  prevailing  northerly 
winds  and  of  floods  in  the  Winooski,  when  the  path  of  the  stream 
may  be  clearl}'  marked  along  a  course  extending  well  to  the  south 
and  not  far  from  the  present  water  intake.  The  general  trend 
of  the  current,  how^ever,  is  northward  from  Winooski  River,  and 
it  is  therefore  probable  that  such  infection  does  not,  in  the 
majority  of  cases,  extend  as  far  south  as  Apple  Tree  Reef. 

Mr.  Allp.n  Hazen.*  ^Ir.  Baker's  paper  is  an  extremely  inter- 
esting contribution  to  our  knowledge  of  the  relations  between 
water  supply  and  public  health.  The  most  unfortunate  feature 
connected  with  the  case  is  the  uncertainty  as  to  whether  the  intake 
is  tight,  and  whether  all  the  water  comes  from  the  intended  place, 
or  whether  there  are  leaks  in  the  pipe  line  which  admit  more 
highly  polhited  water  from  the  bay;  and  it  seems  particularly 
unfortunate  that  this  matter  was  not  settled  beyond  question 
before  ^Ir.  Baker  completed  his  studies  and  made  his  report. 

Mr.  Baker  has  referred  to  the  investigations  of  the  use  of  polluted 
water  by  cities,  made  twelve  or  fifteen  years  ago,  in  making  which 
I  had  the  privilege  of  being  associated  with  our  honored  President. 
Professor  Sedgwick.  The  change  that  has  taken  place  since  that 
time  in  the  aspects  of  this  question  is  a  most  significant  com- 
mentary on  the  development  in  the  interval;  and  I  wish  to  make  a 
few  coni])arisons  which  may  helji  us  to  realize  the  extent  of  tlie 
progress  which  has  been  made. 

*  Civil  Engineer,  New  York,  N.  Y. 
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At  the  time  mentioned,  the  rehitions  between  public  water 
supply  and  disease  were  ])y  no  means  generally  recognized.  And 
this  is  the  more  surprising,  as  many  of  the  larger  American  cities 
were  using  grossly  polluted  waters,  and  as  a  result  suffered  from 
death-rates  greatly  in  excess  of  what  they  woidd  otherwise  have  had. 

The  question  as  to  the  accuracy  of  the  vital  statistics  at  our 
disposal  then  was  far  greater  than  it  is  now,  but  the  effect  of  the 
polluted  waters  upon  the  health  of  the  communities  using  them 
was  so  great  that  no  refinements  were  necessary  to  bring  out  the 
general  relations  which  existed.  The  contrasts  betw^een  the  large 
cities  using  different  kinds  of  water  were  so  great  that  it  was 
hardly  conceivable  that  errors  in  classification  or  in  failures  to 
report  deaths,  however  flagrant  they  might  have  been,  would  have 
sufficed  to  modify  the  conclusion  that  the  enormous  excess  of 
sickness  and  death  in  some  American  cities  was  directly  due  to  the 
use  of  grossly  polluted  water  supplies. 

These  conchisions,  nevertheless,  were  at  first  bitterly  contested 
in  many  cjuarters;  but  as  they  were  studied  further  the  logic  of 
the  situation  became  apparent,  and  they  came  to  be  generally 
accepted.  Since  then  affairs  have  changed;  and  while  there  are 
still  some  black  sheep  in  the  fold,  on  the  whole  there  has  been  a 
great  improvement  in  the  average  ciuality  of  the  pul)lic  water 
supplies  of  the  co\mtry,  and  the  recognition  of  the  relation  between 
the  character  of  the  water  supply  and  the  health  of  the  community 
has  been  a  tremendously  imijortant  element  in  bringing  about  this 
improvement. 

At  that  time  such  an  investigation  and  analysis  as  Mr.  Baker 
has  now  made  of  the  pollution  of  tlie  Burlington  water  supply 
would  have  been  out  of  place.  Then  it  would  have  been  difficult, 
perhaps  impossible,  to  have  established  the  relations  between  the 
moderate  pollution  of  the  water  and  the  moderate  increase  in  the 
death-rate  from  certain  causes  resulting  from  it,  which  Mr.  Baker 
has  found  to  exist  in  Burlington.  Now  it  is  possible.  It  is 
possible  because,  in  the  first  place,  the  proposition  that  such  a 
relation  does  exist  is  a  corollary  of  the  main  pro])osition  that 
highly  polluted  waters  do  produce  excessive  death-rates;  and  it  is 
further  possible  because,  in  spite  of  existing  defects,  the  informa- 
tion available  to  aid  in  the  study  of  such  a  problem  to-day   is 
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Vastly  ]:)etter  than  could  ha\'e  ])een  ol)tained  a  dozen  years  ag'o. 
The  vital  statistics  are  Iietter,  and  the  laboratory  examinations  of 
the  water  are  vastly  better  than  could  possibly  have  been  obtained 
at  that  time. 

This  investigation  of  Mr.  Baker's,  1  think,  is  but  a  typical  case  of 
many  such  investigations  that  are  going  to  be  made  to  determine 
the  effect  of  less  grossly  polluted  waters  upon  the  public  health. 
The  methods  of  investigation  are  improving  as  time  goes  on.  and 
by  proper  use  of  them  it  is  possible  to  follow  the  relation  between 
water  supply  and  disease  further  down  the  line  and  cany  it  to 
degrees  of  pollution  the  effects  of  which  were  at  first  too  small  to 
be  observed  or  studied;  and  such  investigations  will  extend  our 
knowledge  of  the  sul:)ject  and  will  allow  better  and  more  reasonable 
discussions  of  the  pollutions  of  water  sup])lies.  and  the  reasonable 
standards  to  be  maintained  in  protecting  waters  from  such  pollu- 
tions, and  in  applying  corrective  measures  where  the  j)ollutions 
themselves  cannot  be  suppressed. 

In  discussing  ^Ir.  Crandall's  paper,  presented  to  this  association 
in  September,  1895.  I  ventured  the  statement  that  ten  million 
dollars  was  not  an  overestimate  of  the  loss  in  Chicago  in  one  year, 
due  to  the  polluted  condition  of  the  public  water  supply.  This 
was  based  on  typhoid  statistics  alone.  Since  that  time  I  have 
become  convinced  that  typhoid  fever,  as  Professor  Sedgwick 
suggested  at  the  time,  and  as  Mr.  Baker  now  confirms,  is  wholly 
inadequate  to  measure  the  extent  of  damage  caused  by  a  polluted 
water  supply,  and  the  figure  then  given  for  Chicago  was  probal)ly 
far  below^  the  real  damage  which  resulted  to  the  citizens  of  that 
city  from  the  condition  of  the  public  water  supply  ;  and  the  loss 
was  so  great  that  it  woidd  amply  justify  almost  any  measures 
which  might  be  necessary  for  the  correction  of  the  difficulty. 

In  the  case  of  Burlington  the  amount  of  sickness  and  death 
which  can  be  attributed  to  the  water  supply  is  small  in  proportion, 
but  still,  when  carefully  followed  out  and  estimated,  and  reduced 
as  well  as  it  can  be  to  a  financial  basis,  it  may  be.  and  very  likely 
is,  far  more  than  enough  to  justify  whatever  expense  may  be 
necessary  in  changing  or  improving  tlie  sui)ply ,  as  for  instance,  by 
filtration,  as  Mr.  Baker  reconunends. 

The  day  is  rai:)idly  passing  when  cities  can  continue  to  exist  and 
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])rosper  while  killino;  their  citizens  l»y  impure  water.  Ah'eady 
it  makes  a  great  difference  with  tlie  prosperity  of  a  city  whether  its 
water  supply  is  healthful  or  not.  It  will  not  be  many  years  before 
intelligent  people  will  refuse  to  live  in  a  city  where  they  are  subject 
to  such  dangers.  The  ([uestion  is  no  longer  whether  or  not  it  is 
worth  while  to  furnish  good  water.  It  is  getting  to  be  whether  a 
city  shall  continue  to  exist;  for  I  believe  the  day  is  at  hand  when 
a  city  cannot  exist  in  any  adetiuate  and  satisfactory  sense  without 
a  reasonably  pure  and  wholesome  public  water  supply. 

Mk.  G.  W.  Fuller.*  Mr.  Baker's  paper  is  an  excellent  one, 
suggesting  l)roader  and  more  reliable  lines  for  water-works  people 
to  consider  in  dealing  with  the  quality  of  public  water  supplies. 
The  writer  is  heartily  in  sympathy  with  the  studying  of  diarrheal 
diseases  and  their  relation  to  drinking  water.  There  is  no  doubt 
about  polluted  waters  materially  affecting  general  death-rates  in 
this  manner.  Changes  from  polluted  to  relatively  pure  waters 
cause  a  marked  reduction,  not  only  in  typhoid  fever,  but  also  in 
the  general  death-rate,  principally  through  the  influence  upon  the 
latter  of  deaths  from  diarrheal  diseases.  For  some  time  there  has 
been  a  growing  feeling  among  sanitarians  that  this  subject  should 
receive  more  attention,  and  ^Ir.  Baker  is  to  be  congratulated  on 
his  careful,  painstaking  data  regarding  the  Burlington  evidence. 

The  compilation  of  such  statistics  to  show  their  influence  upon 
the  quality  of  public  water  supplies  is  not  entirely  new.  In  fact, 
it  is  understood  that  c^uite  similar  statistics  were  prepared  under 
the  direction  of  Mr.  Rudolph  Hering  relative  to  the  public  water 
supply  of  Fouisville,  Ky.,  in  1S92.  ^Ir.  Baker's  paper  shows,  of 
cour.se,  in  a  striking  manner  the  importance  of  having  death  certi- 
ficates properly  prepared,  both  as  regards  the  diagnosis  of  the 
diseases  producing  death  and  their  classification  for  accurate  and 
ready  reference  in  municipal  records.  In  some  ways  the  Bur- 
lington situation  as  to  vital  statistics  is  unusually  free  from  com- 
plications as  to  other  drinking  waters  than  the  public  supply, 
although  it  is  not  free  from  questions  of  other  general  sources  of 
infection,  as  mentioned  by  Mr.  Baker  in  his  paper. 

Experiences  of  communities  in  discharging  sewage  into,  and 
taking  their  water  supply  from,  the  same  body  of  water  are  always 

*  Civil  Engineer,  New  York,  N.  Y. 
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interesting.  Seldom  has  this  proposition  been  faced  with  satis- 
factory results,  although  there  are  some  instances  where,  imder 
si)ecial  conditions,  this  seems  to  have  been  true.  The  general 
cjuestion  of  the  pollution  of  large  bodies  of  water  V)v  sewage  at 
])oints  some  distance  removed  from  the  point  of  sewage  discharge 
is,  of  course,  of  growing  importance  to  the  sanitarians.  To  the 
writer  it  is  particularly  so  as  it  bears  indirectly  upon  the  questions 
of  foreshore  pollution  and  the  effect  of  sewage  upon  the  shellfish 
industry' .  ^'iews  upon  these  matters  are  not  so  definite  as  they 
should  be,  and  all  carefully  compiled  data  bearing  upon  the  sub- 
ject are  of  importance  in  getting  views  crystallized  upon  reliable 
and  definite  lines. 

By  those  who  have  had  to  do  with  water  supjjly  matters  for 
cities  on  the  great  lakes  it  will  be  noted  at  once  that  the  Bur- 
lington intake,  although  three  miles  removed  from  tlie  principal 
outfall  sewer,  is  in  water  of  a  depth  of  only  30  feet,  and  that  the 
intake  is  turned  upward  until  it  reaches  within  14  feet  of  ordinary 
low  water.  In  this  respect  the  Burlington  supply  differs  materi- 
ally from  those  of  a  number  of  cities  having  relatively  good  water 
from  the  great  lakes.  Reference  is  made  to  the  fact  that  the  lake 
water  near  the  Burlington  intake  is  so  shallow  that  sediment, 
some  of  it  presumably  of  sewage  origin,  is  stirred  up  during  heavy 
winds,  and  further  that  the  supply  is  not  protected  by  stratifi- 
cation from  pollution  by  intermingling  with  the  upper  water.  As 
to  the  effect  of  wind  disturbances,  it  may  be  said  that  exjDerience 
shows  that  severe  storms  nuiy  disturb  large  bodies  of  water  to  a 
depth  of  some  35  feet  below  the  mean  level.  Stratification  is  of 
great  importance,  for  instance  at  Milwaukee,  where  the  water  is 
drawn  from  Take  Michigan  at  a  depth  of  some  SO  or  90  feet,  from 
a  ])oint  where  the  bottom  water  remains  at  about  maximum 
density  very  near  all  the  time.  In  this  way,  although  sewage  nuiy , 
perhaps,  at  times  be  driven  by  currents  to  the  vicinity  of  the  in- 
take, the  upper  w^ater,  of  lighter  specific  gravity  and,  perhaps,  of 
doubtful  fjuality ,  does  not  reach  the  intake.  The  latter  is  ])olluted, 
if  at  all,  only  by  those  bacteria  which  by  chance  settle  from  the 
upper  water  to  the  intake.  The  influence  of  this  is  presumably 
no  greater  than  that  of  the  residual  bacteria  in  the  effluent  of  a 
well -managed  filter  plant. 
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Several  years  ago  the  writer  had  occasion  to  investigate  this 
matter  at  ph^ces  both  on  Lake  Erie  and  Lake  Ontario.  In  the 
former  lake  it  is  probaljle  that  stratification  hardl}'  takes  place  to 
a  degree  to  give  much  assistance  in  securing  a  good  source  of  water 
supply.  But  in  Lake  Ontario,  in  the  \'icinity  of  Oswego,  it  was 
found  that  at  a  depth  of  80  feet  the  water  remains  stratified  with 
the  exception  of  short  intervals  in  the  spring  and  fall,  when  there 
was  an  overturning  from  top  to  bottom.  While  stratification 
existed,  the  water  at  the  bottom,  with  a  lower  temperature  and 
higher  density ,  showed  no  measurable  e^ct  of  pollution  even  when 
winds  and  currents  drove  some  of  thelmrbor  water  along  the  sur- 
face to  the  vicinity  of  the  proposed  intake.  Should  such  wind  and 
current  conditions  prevail  during  the  comparatively  short  period 
of  overturning  in  the  spring  and  fall,  when  stratification  is  aV)sent. 
such  protection  could  not  be  counted  upon.  With  water  from  such 
a  source  supplied  without  filtration,  it  becomes  desiralile,  and  in 
some  cases  necessary,  to  be  ])repared  to  draw  water  from  storage 
during  conditions  favoring  the  passage  of  polluted  water  to  the 
vicinity  of  the  intake. 

Another  point  of  some  interest  in  this  connection  was  encoun- 
tered in  a  study  of  the  water  supply  of  Buffalo  and  suburbs,  viz.: 
That  winds  generally  produce  an  undercurrent  moving  in  the 
opposite  direction  to  that  from  which  the  wind  blows.  In  this 
way,  pollution,  either  through  surface  or  undercurrents,  may  be 
carried  probably  to  a  greater  distance  than  is  generally  appreciated. 

Pollution  of  water  supplies  does  not  have  to  occur  eA^ery  day  in 
the  year  in  order  to  produce  serious  trouble.  While  it  is  import- 
ant to  settle  the  ciuestion,  as  Mr.  Baker  suggests,  of  whether  there 
is  a  leak  in  the  intake  of  the  Burlington  supply  in  order  to  sho^n 
the  effect  of  an  unfiltered  water  supply  from  the  present  intake 
upon  the  consumers,  it  is  not  unlikely  that  during  a  few  days  in 
the  year  the  water  from  the  intake  itself,  due  to  conditions  of 
Avind  and  weather,  is  much  below  normal  equality. 

In  the  opinion  of  the  writer  the  tests  by  so-called  presumption 
methods  for  the  presence  of  fecal  bacteria  in  water  require  great 
-caution  in  interpreting  results. 

Dr.  George  A.  Soper.*     It  is  unusual  to  find  a  paper  upon  the 

*  Consulting  Sanitary  Engineer,  New  York  City. 
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effects  of  impure  water  which  has  been  so  carefully  prepared  as  the 
one  under  discussion.  It  is  one  of  the  most  thorough  and  pains- 
taking studies  which  have  appeared,  and  the  city  of  Burlington, 
no  less  than  the  members  of  this  association,  should  feel  indebted 
to  Mr.  Baker  and  those  whose  labors  have  contributed  to  this 
work. 

The  single  point  which  I  desire  to  refer  to  in  discussing  the  paper 
has  to  do  with  the  amount  of  sickness  which  can  fairly  be 
attributed  to  the  water.  Should  we  go  beyond  the  statistics  of 
typhoid  fever  in  estimating  the  extent  of  the  connection  between 
a  water  supply  and  disease?  and  if  so,  how  far?  In  other  words, 
what  forms  of  illness  may  be  communicated  by  such  a  water  supply 
as  that  of  Burlington,  and  how  can  the  fact  of  the  connection  of 
these  diseases  with  the  water  supply  be  established? 

In  the  present  state  of  our  knowledge,  it  seems  desirable  to 
restrict  our  view  of  the  possible  consequences  of  drinking  sewage- 
polluted  water  to  diseases  of  the  bowels ;  not  that  the  impurities 
in  such  water  may  not,  in  some  cases,  cause  other  disorders,  but 
because  the  chances  of  their  doing  so  are  too  remote  for  practical 
consideration. 

Probably  the  most  important  and  difficidt  disease  to  investigate 
in  connection  with  a  water  supply  is  typhoid  fever.  Because  of 
the  many  forms  which  typhoid  may  take  and  the  existence  of 
popular  delusions  concerning  it,  it  is  doubtful  if  the  extent  of  this 
disease  is  ever  known  with  accuracy. 

In  investigating  the  cause  and  extent  of  existing  outl^reaks  of 
typhoid  fever,  it  has  been  my  custom  for  years  to  study  not  only 
the  cases  of  sickness  which  were  readily  recognized  to  be  typhoid, 
but  also  those  forms  of  illness  which,  by  any  chance,  might  be 
typhoidal  in  nature.  I  have  generalh'  included  in  this  list  cases 
reported  as  paratyphoid,  paracolon,  enteric  fever,  fall  fever, 
dysentery,  enteritis,  diarrhea,  and  malaria.  Recently  I  have 
added  pneumonia,  bronchitis,  and  tuberculosis,  for  I  have  not 
infrequently  found  genuine  typhoid  treated  by  physicians  as  these 
diseases.  All  such  cases  have  been  regarded  in  my  investigations 
as  of  a  doubtful  or  unsettled  character  until  a  special  study  of 
them  co\ild  l)e  made  to  ascertain  with  positiveness  their  real 
nature.     Kven  with  these  precaution;-'.,  it  lias  been  impossible  to 


DISCUSSION.  213 

detect  every  case  of  typhoid.  ICxceedingly  mild  cases  are  often 
not  reported  by  physicians  at  all.  Sometimes  erroneous  or  fanci- 
ful names  are  deliberately  given  to  typhoid  with  the  object  of 
hiding  the  nature  of  the  disease. 

The  kind  of  study  made  necessary  by  such  an  investigation 
recjuires  the  services  of  a  number  of  trained  assistants  and  the  use 
of  a  laboratory  for  examining  blood  and  other  pathological  and 
sanitary  work.  But  these  adjuncts  are  what  should  be  available 
in  investigations  of  epidemic  diseases  wherever  an  attempt  is 
made  to  cslttv  them  on  thoroughly ,  and  I  have  generally  found  it 
practical  to  obtain  all  the  facilities  needed.  This  was  so  at 
Ithaca,  N.  Y.;  Watertown,  N.  Y. ;  Williamstown,  Mass.;  Lawrence, 
N.  Y.;  and  elsewhere.  My  chief  difficulty  has  been  in  obtaining 
competent  assistants. 

In  inquiring  into  the  past  records  of  disease  no  such  satisfactory 
measures  can  be  used  to  determine  the  exact  number  of  typhoid 
cases.  It  may  always  be  assumed  that  the  number  has  been 
larger  than  that  reported,  but  the  ratio  between  the  real  number 
and  the  number  indicated  in  the  health  records  is  never  ascertain- 
able. Cities  which  have  the  most  typhoid  are  apt  to  be  the  most 
indifferent  to  it;  their  records,  also,  are  likely  to  be  the  most 
inaccurate. 

Mr.  Baker  has  presented  in  his  paper  records  of  diarrheal  dis- 
eases beside  typhoid;  not,  ap^^arently,  with  the  idea  that  many 
of  these  cases  were  perhaps  genuine  typhoid,  but  because  it 
seemed  fair  to  suppose  that  many  of  them  had  been  produced  by 
the  water  supply.  This  appears  to  me  to  be  a  natural  conclusion. 
Conditions  which  result  in  the  contamination  of  a  water  supply 
with  the  germs  of  typhoid  are  also  likely  to  lead  to  its  pollution 
with  the  germs  of  other  diseases.  It  is  probable  that  a  water 
supply  is  sometimes  infested  with  the  germs  of  several  intestinal 
diseases  at  the  same  time.  This  is,  I  think,  sufficiently  indicated 
by  the  fact  that  in  any  large  typhoid  ej^idemic,  various  other 
diarrheal  diseases,  which  are  not  typhoid,  are  apt  to  be  met  with. 
The  diseases  produced  depend  upon  the  nature  of  the  micro- 
organisms contained  in  the  filth  which  defiles  the  water.  At 
Ithaca  there  were  several  annual  visitations  of  diarrheal  diseases 
before  the  extensive  epidemic  of  1903;  during  the  progress  of  that 
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epidemic  several  diarrheal  diseases  other  than  typhoid  occurred 
and  were  believed  to  have  been  caused  by  the  water.  The  typhoid 
epidemic  at  Watertown.  N,  Y.,  in  1904,  was  preceded  by  an 
epidemic  wave  of  diarrhea. 

Yet  I  am  inclined  to  believe  that  records  of  other  diarrheal  dis- 
eases beside  typhoid  should  be  used  with  caution.  So  many 
other  conditions  may  account  for  these  disorders  that  it  seems 
unsafe  to  ascribe  an  undue  excess  of  them  to  water  unless  the 
other  factors  which  enter  into  their  etiology  have  been  eliminated 
after  careful  study.  The  industrial  conditions  which  prevail  in 
a  city  may  have  a  marked  effect  upon  the  infant  mortality,  and 
infant  mortality  usually  represents  the  major  part  of  diarrheal 
diseases  not  typhoid.  The  nationality  of  the  population  and 
their  degree  of  intelligence  and  education  are  important  factors  in 
the  matter.  Above  all,  the  condition  of  the  milk  supplies,  the 
spring  water  supplies,  the  severity  of  the  weather,  the  clean  or  dirty 
condition  of  the  city  and  the  housing  of  the  laboring  classes  are 
conditions  which  should  be  taken  very  carefully  into  account 
before  drawing  any  conclusions  as  to  the  cause  of  an  undue 
prevalence  of  diarrheal  diseases.  In  investigating  these  questions, 
whether  they  relate  to  present  or  past  conditions,  the  cooperation 
and  assistance  of  local  physicians  can  sometimes  be  used  to  ad- 
vantage, for  although  they  are  often  poorly  informed  in  matters 
of  hygiene  and  the  more  scientific  a,spects  of  the  causes  of  disease, 
their  opportunities  for  observation  are  unrivaled  and  they  are 
sometimes  well  informed. 

Among  the  manifest  diflTiculties  to  be  met  with  in  investigating 
the  past  records  of  diarrheal  diseases  in  a  city  are  those  which 
rise  from  the  fact  that  the  conditions  which  should  be  studied  in 
order  to  properly  interpret  the  statistics  are  matters  of  history, 
often  imperfectly  recorded,  and  no  longer  subject  to  minute 
investigation.  The  making  and  interpretation  of  vital  statistics 
is  subject  to  more  error  than  almost  any  other  form  of  statistical 
work. 

It  is  well  known  to  the  members  of  this  association  that  what 
appears  to  be  one  of  the  most  remarkable  results  of  introducing 
a  supply  of  pure  water  into  a  city  whose  water  supply  has  pre- 
viously been  impure  is  a  .seeming  reduction  in  the  occurrence  of 
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diseases  whose  causes  have  no  ('onceivuhle  connection  with  drinlv- 
ing  water.  The  statistics  sometimes  make  it  appear  that  the 
mimber  of  cases  of  practically  all  forms  of  disease  has  l)een 
reduced.  If  we  were  to  credit  the  records  and  believe  this  theory, 
it  would  be  necessary  also  to  believe  that  its  converse  was  true, — 
that  the  amount  of  sickness  and  death  from  all  forms  of  disease 
was  increased  by  impure  water.  If  this  opinion  wan  held,  it 
would  be  necessary  in  such  a  study  as  this  one  of  Mr.  Baker's  to 
take  account  of  every  case  and  death  known  to  tlie  health  author- 
ities. I  am  far  from  saying  that  this  would  be  an  undesirable 
proceeding,  but  I  do  not  think  it  would  be  warranted  on  the 
ground  that  the  theory  just  alluded  to  was  correct. 

In  fact  T  doubt  whether  it  is  true  that  the  introduction  of  a 
pure  water  su])ply  reduces  the  general  death-rate  as  much  as 
appears.  It  seems  possible  that  often  as  much  of  a  change  takes 
place  in  the  methods  of  keeping  the  records  and  interpreting 
them  as  in  the  health  of  the  people,  excepting  so  far  as  enteric 
diseases  are  concerned,  and  even  here  the  beneficial  results  may 
be  unintentionally  exaggerated.  In  the  sanitary  awakening 
which  a  city  experiences  when  a  pure  water  supply  is  introduced, 
the  condition  of  the  public  health  and  the  work  of  the  health 
office  assume  an  importance  and  receive  an  amount  of  attention 
which  they  have  never  before  known.  From  a  position  of  com- 
parative obscurity  and  neglect,  the  business  of  the  board  of 
health  emerges  into  one  of  great  prominence  and  responsibility. 
Everybody  looks  to  the  board  to  mark  with  official  precision  the 
extent  of  the  improvement.  Those  persons  who  have  to  do  with 
the  records  naturally  shaje  in  this  interest  and  desire  that  the  city 
shall  have  as  clean  a  bill  of  health  as  practicable.  The  report  of 
each  case  of  sickness  and  death  is  scrutijiized  with  extreme  care. 
Physicians  are  on  their  mettle.  As  few  cases  and  as  few  deaths 
are  charged  against  the  city  as  is  legally  possible.  Not  seldom  the 
sickness  and  death  of  persons  from  outside  of  the  city  who  are 
taken  ill  within  the  limits,  or  are  brought  there  for  treatment,  are 
recorded,  after  the  installation  of  the  new  water  supply,  as  having 
occurred  in  the  places  where  the  decea.sed  claimed  residence.  In 
these  ways  the  vital  statistics  are  sometimes  influenced  without 
any  intention  on  the  part  of  any  one  to  deceive. 
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When  it  is  appreciated  that  cases  of  the  commonest  diseases 
due  to  impure  water  supplies  often  differ  so  markedly  in  appear- 
ance that  physicians  make  mistakes  in  diagnosing  them,  that 
boards  of  health  are  often  lax  in  keeping  the  records,  that  many 
other  factors  than  the  water  sup])ly  contribute  to  the  spread  of 
what  are  known  as  water-])orne  diseases,  and  that  the  time  and 
skill  necessary  to  investigate  the  facts  are  seldom  available,  the 
value  of  such  a  long  and  careful  study  as  ^Ir.  Baker  has  made 
becomes  evident. 

Condensing  my  views  on  the  subject  to  a  simple  and  brief  form, 
I  should  say  that  in  studying  the  possible  relation  between  a 
water  supply  and  the  health  of  a  city,  it  is  desirable  to  take 
account  not  only  of  the  occurrence  of  typhoid,  but  of  practically 
every  other  form  of  disease  which  occurs  in  the  vicinity.  The 
official  records  should  be  used  more  as  clews  to  the  truth  than  as 
evidence  which  needs  no  verification.  Wherever  possible,  the 
investigation  should  call  to  its  aid  modern  methods  of  pathological 
study.  The  value  of  the  investigation  will  usually  depend  not 
only  upon  the  official  records  or  other  information  which  may 
have  been  already  collected,  but  also  upon  the  skill  and  thorough- 
ness with  which  the  information  thus  offered  is  studied,  checked, 
amphfied,  and  interpreted. 

The  investigation  of  the  Burlington  situation  has  been  fortu- 
nate in  some  respects.  The  statistical  records  seem  to  have  been 
remarkably  full  and  reliable,  and  the  situation  has  been  studied 
with  a  degree  of  thoroughness,  competency  and  impaitiality 
which,  up  to  this  time,  has  been  very  unusua].  In  the  future, 
sanitary  investigations  of  a  far  more  exacting  character  than  we 
have  been  accustomed  to  will  have  to  be  made.  It  is  a  vast  mis- 
take to  suppose  that  only  those  sanitary  matters  need  investiga- 
tion and  correction  which  are  conspicuously  dangerous.  The 
investigation  and  correction  of  the  more  subtle  and  obscure 
causes  of  disease  are  at  least  of  equal  importance. 

Dr.  Johx  S.  Fultox.*  The  statistical  exhibit  which  Mr. 
Baker  has  made  of  certain  causes  of  death  in  Burlington  between 
1879  and  1905,  and  the  arguments  which  he  makes  for  a  more 
liberal  use  of  mortality  data  in  determining  the  sanitary  quality 

*  Secretary,  State  Board  of  Health,  Baltimore,  Md. 
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of  the  public  water  supply,  seem  to  nie  most  interesting.  It  is  not 
surprising  that  ^Ir.  Baker  should  have  overlooked  an  important 
source  of  fallacy  which  affects  all  A'ital  statistics,  since  the  .source 
to  which  I  refer  lies  wholly  in  the  domain  of  medicine,  and  is  but 
little  known  outside  the  medical  profession.  It  is  difficult  to 
bring  medical  men  to  realize  the  unreliability  of  the  data  which 
they  themselves  supply.  All  mortality  statistics  are  based  on  the 
death  certificate,  and  non-medical  statisticians  generally  regard 
the  death  certificate  as  of  fixed  interpretation.  As  a  matter  of 
fact,  however,  medical  men  seldom  write  a  death  certificate  with 
any  appreciation  of  its  utility  as  a  contribution  to  vital  statistics. 

Its  use  as  a  basis  for  a  burial  permit  is  the  only  significance  of  a 
death  certificate  to  a  physician  who  is  writing  such  a  certificate. 
When  these  small  documents  in  large  numbers  come  up  for  sta- 
tistical treatment  their  proper  statistical  reference  is  sometimes 
very  difficult  to  determine.  Not  one  physician  in  a  thousand 
knows  or  cares  anything  about  the  nomenclature  employed  for 
statistical  purposes.  These  nomenclatures  themselves  have  their 
faults,  and  the  very  best  that  medical  statisticians  can  do  in  these 
days  is  to  move  tow^ard  some  sort  of  uniformity. 

Too  often  the  mortality  data  of  American  cities  are  made  over 
into  statistical  tables  by  inexpert  persons  \Aho  are  quite  incom- 
petent to  translate  the  phraseology  of  a  certifying  physician  into 
the  rigid  nomenclature  of  a  statistical  classification.  In  some 
items  the  terms  of  the  classifications  are  vague,  and  veiy  often 
the  phraseology-  of  a  ])hysician  is  vague.  There  is  hardly  any 
class  of  causes  of  death  which  admit  so  great  a  variety  of  vague 
terms  as  those  diseases  which  are  known  as  diarrheal  diseases. 

I  suppose  the  term  U/phoid  fever  represents  to  the  average  lay- 
man a  very  definite  cause  of  death.  This  term  in  pathology 
assuredly  has  a  definite  significance,  but  in  clinical  medicine 
the  term  "  typhoid  fever  "  in  American  practice  does  not  occur  in 
more  than  60  per  cent,  of  the  certificates  recording  deaths  which 
are  really  due  to  typhoid  fever.  At  the  present  moment  40 
per  cent,  of  the  cases  of  typhoid  fever  either  wholly  escape  the 
diagnosis  of  attending  physicians,  or  else,  when  death  occurs,  are 
recorded  under  some  more  or  less  vague  name.  If  we  trace 
typhoid  fever  back  in  the  statistics  we  will  find  that  the  ])crcentage 
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of  error  increases  the  farther  back  we  go,  and  for  twenty -five  years 
backward  we  find  some  twenty -five  or  thirty  more  or  less  con- 
fusing phrases  employed  by  physicians  to  indicate  deaths  which,  in 
all  })robability,  were  due  to  typhoid  fever.  ^ledical  statisticians 
have  l)ut  gradually  come  to  understand  this.  A  note  in  the  first 
of  Mr.  Baker's  tables  says  that  the  Burlington  statistician  has 
wisely  added  to  the  typhoid  deaths  the  deaths  reported  as  "  bil- 
ious," "  continued."  "  enteric,"  "  slow,"  "  typho-malarial  "  fevers. 
A  simihir  note  under  Table  No.  4  makes  a  similar  exhibit  and 
sho\\-s  besides  that  the  use  of  these  unmeaning  terms  was  far  more 
prevalent  formerly  than  now, 'although  the  absurd  term  "  bilious 
fever"  appears  in  Burlington's  statistics  as  late  as  1901.  The 
terms  enteritis  and  gastro-enteritis  signify,  for  the  most  part,  the 
medical  man's  confusion  in  the  matter  of  diagnosis,  though  the 
statistician  may  have  included  in  the  enteritis  column  a  certain 
number  of  deaths  whose  certificates  did  not  bear  the  word  enteritis. 
More  than  half  of  the  deaths  recorded  under  these  two  heads  ought 
to  be  added  to  the  typhoid  fever  column.  If  the  deaths  under 
five  years  of  age,  which  have  been  ascribed  to  these  two  causes, 
cordd  be  taken  away,  80  per  cent,  of  the  remainder  could  be  added 
to  the  typhoid  fever  column  without  in  the  least  overstating  the 
truth  about  typhoid  fever  in  Burlington  l^etween  the  years  1879 
and  1905.  One  notes  that  the  enteritis  column  includes  here  and 
there  a  death  from  intestinal  colic.  Intestinal  colic  probably 
means  appendicitis,  and  the  error  of  diagnosis  in  a])pendicitis  also 
increases  the  further  back  one  goes  in  the  history  of  mortality. 
The  colitis  column  includes  certificates  ascribing  death  to  entero- 
colitis. A  majority  of  these  cases  (enteritis,  gastro-enteritis, 
entero-colitis,  colitis),  nearly  all  of  those  which  were  characterized 
by  diarrhea,  a  duration  of  two  weeks  or  longer,  and  ages  above 
five  years,  should  be  added  to  the  typhoid  fever  column.  The 
remainder  should  be  added  to  the  dysentery  column,  and  the 
small  group  of  cases  under  the  head  of  ulceration  of  the  bowels 
should  also  be  added  to  the  dysentery  column.  The  cholera 
morbus  cases,  which  are  few  in  number,  have  probably  no  relation 
whatever  either  to  typhoid  fever  or  to  the  water  supply.  Deaths 
classified  under  the  heading  cholera  infantum  probably  include 
very  few,  if  am',  cases  of  typhoid  fever,  and  these  bear,  in  all 
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probability,  no  considerable  relation  to  the  public  water  sup])l\- 
of  Burlington.  It  will  be  .seen,  therefore,  that  a  medical  man's 
views  bring  him  into  substantial  agreement  with  Mr.  Baker's 
contention  that,  besides  typhoid  fever,  several  other  columns  of 
current  mortality  ought  to  be  consulted  in  determining  the 
sanitary  quality  of  a  public  water  supply.  It  w^ould  not  be 
necessary,  however,  to  consult  half  a  dozen  difTerent  items  of 
mortality,  if  medical  men  were  firmly  convinced  of  the  truth  that 
typhoid  fever  is  the  commonest  continued  fever  met  with  in  the 
United  States;  for  if  this  knowledge  were  faithfully  reflected  in 
the  death  certificates,  such  vague  statistical  terms  as  enteritis, 
gastro-enteritis,  enterocolitis,  would  become  emaciated  almost  to 
extinction.  It  will  thus  be  seen  that  I  can  agree  heartily  with  the 
main  contention  of  ^Ir.  Baker's  paper  and  still  believe  that  typhoid 
fever  (frank  typhoid  fever  plus  disguised  typhoid  fever)  will  still 
remain  the  best,  and  almost  sufficient,  index  of  the  sanitary  ciuality 
of  a  public  water  supply. 

Mr.  Bakrr  (by  letter).  I  first  wish  to  express  my  pleasure  with 
the  amount  and  character  of  the  oral  and  written  discussion, 
and  with  the  fact  that  the  paper  has  been  received  and  considered 
as  an  attempt  to  present,  in  a  rather  tentative  manner,  some  of 
the  In'oader  relations  l:)etween  water  supply  and  disease  than  can 
be  brought  out  by  typhoid  statistics  alone.  I  also  wish  to  say 
at  the  outset  that  some  of  the  vital  statistics  presented  in  the 
paper  were  included  for  the  purpose  of  throwing  light  on  the 
deficiencies  in  the  typhoid  statistics  rather  than  because  they 
bear  any  well-defined  relation  to  the  character  of  the  Burlington 
water  supply.  In  fact,  it  seems  more  and  more  evident  to  the 
author  that  other  sanitary  conditions  at  Burlington  are  in  almost 
as  much  need  of  investigation  and  improvement  as  is  the  water 
supply. 

The  author  is  particularly  grateful  to  Messrs.  Stone  and  Moat 
for  their  additional  data  on  conditions  at  Burlington,  Winooski. 
and  Fort  Ethan  Allen.  Had  these  data  been  in  his  possession 
before  the  paper  was  written  he  would  have  given  more  weight 
to  the  effect  on  the  Burlington  water  supply  of  the  pollution 
brought  down  by  the  Winooski  River.  Nevertheless,  until 
further  evidence  is  produced  it  can  hardly  l)e  disputed  that  even 
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if  all  pollution  were  removed  from  the  Winooski  River,  the  Burling- 
ton sewer  alone  would  render  the  water  supply  so  dangerous  at 
times  as  to  make  its  use  without  thorough  purification  unwise. 
This,  it  should  be  said,  Messrs.  Stone  and  Moat  would  doubtless 
be  the  first  to  admit.  The  author  agrees  with  Dr.  Stone  that 
the  study  of  leakage  in  the  water  intake  is  an  engineering  rather 
than  an  analytical  problem;  or  perhaps  demands  the  aid  of  both 
methods.  Seemingly,  it  would  be  a  simple  matter  to  test  the 
intake  for  leakage,  and  no  further  time  should  be  lost  before  doing 
so.  The  need  of  better  records  of  vital  statistics  at  Winooski 
and  more  thorough  investigations  of  all  reported  cases  of  com- 
municable disease  at  both  Winooski  and  Burlington  is  evident. 
Ever}'  reported  case  of  typhoid  fever  in  the  two  municipalities 
and  at  the  Fort  should  be  looked  into  most  carefully  for  the 
purpose  of  showing  both  its  origin  and  its  possible  or  probable 
effect  upon  the  Burlington  water  supply.  If  this  were  done,  and 
if  careful  analytical  tests  of  river,  lake,  and  city  water  were  made 
at  frequent  intervals,  and  if  at  the  same  time  both  cases  and 
deaths  of  diarrheal  diseases  were  systematically  studied,  much 
additional  light  might  be  thrown  on  water  sup})ly  and  disease  at 
Burlington  and  elsewhere.  Much  of  this  work  properly  belongs  to 
the  several  local  authorities,  but  in  carrying  it  out  there  might  well 
be  cooperation  between  them  and  the  State  Laboratory  of  Hygiene. 
Mr.  Leighton  is  peculiarly  qualified  to  discuss  the  paper,  on 
account  of  the  studies  of  the  pollution  of  Lake  Champlain  already 
mentioned.  His  belief  that  within  the  past  few  years  typhoid 
fever  has  been  fully  reported  at  Burlington  is  in  part  supported 
by  all  the  evidence  before  us,  but  only  in  part.  That  there  has 
been  improvement  there  can  be  no  doubt,  but  the  continued  high 
diarrheal  mortality  indicates  faulty  nomenclature,  to  say  the 
least.  This  indication  is  supported  by  the  excess  of  positive 
Widal  reaction  tests,  as  given  ])y  Dr.  Stone,  over  reported  typhoid 
cases,  unless  the  Widal  reports  include  duplicate  tests.  In 
1905,  in  particular,  the  positive  Widal  tests  numbered  77.  against 
32  reported  cases  of  typhoid  fever.  It  is  gratifying  to  note,  how- 
ever, that  the  Burlington  physicians  seem  to  be  trying  to  learn 
the  truth,  for  in  1905  there  were  113  negative  as  well  as  77  posi- 
tive Widal  tests.     It  may  be  noted  that  Mr.  Leighton.  contrary 
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TABLE  No.  12. —  Table  Designed  to  Show  Effect  of  Ice  ovek  Lake 
Champlaix  ox  Tyi'hoid  Mortality  at  Burlixgtov,  Vt. 


Broad 

Lake. 

Days 

Typhoid 

De.vth.s. 

Closed. 

Opened. 

Closed. 

Jan. -Mar. 

Year. 

1S90 

February  10,  21 

February  11, 

28           13 

2 

March  7 

March  12 

4 

1S91 

January  27 
February  14 
March  S" 

Janviarv  31 
February  27 
April  2  ■ 

42 

3 

4 

1892 

February  14 

April  3 

49 

2 

7 

1893 

January  16 

April  12 

86 

/ 

10 

1894 

February  6,  12 

February  10 
March  15 

35 

1 

2 

1895 

February  7 

April  19 

71 

0 

1 

1896 

Fel)ruarv  17 

April  17 

60 

1 

4 

1897 

January  31 

April  10 

69 

0 

2 

1898 

January  30 

March  16 

45 

3 

5 

1899 

February  1 

April  20 

78 

1 

2 

1900 

February  28 

April  19 

50 

4 

7 

1901 

February  1 

April  11 

69 

3 

5 

1902 

January  30 

March  28 

57 

0 

2 

1903 

January  24 
February  19 

January  30 
March  12 

27 

0 

3 

1904 

Jaiiuar\-  19 

April  13 

85 

1 

7 

1905 

January  23 

April  13 

80 

2 

3 

Total  Deaths 

(average 

closure)  57 

30 

68 

The  bay  at  Burlington  and  also  the  Winooski  River  would  be  covered  with  ice  when 
the  "  broad  lake,"  which  is  here  some  ten  miles  wide,  is  not  frozen  from  shore  to  shore. 
Earlier  statements  regarding  lake  closure  are  not  available.  The  observations  given  were 
recorded  by  Mr.  Charles  Allen,  of  Burlington,  Vt. 

to  Dr.  Stone,  suggests  bacterial  tests  to  a.scertain  the  tightness  of 
the  intake.  Mr.  Leighton's  remark  to  the  effect  that  the  monthly 
distribution  of  typhoid  (Table  No.  4)  shows  that  the  disease 
is  at  its  worst  when  the  lake  is  covered  with  ice  (or  really  in  the 
months  when  such  a  covering  would  be  expected)  leads  me  to 
include  a  table  (Table  No.  12)  compiled  from  the  city  reports  of 
Burlington,  showing  for  the  past  sixteen  years  the  dates  on  which 
the  "  broad  lake"  closed  and  opened  opposite  Burlington,  the 
days  closed  each  winter  and  the  number  of  typhoid  deaths  for 
the  January-^Iarch  quarters  of  the  corresponding  years,  and  the 
total  numbers  of  typhoid  deaths  for  the  several  years. 

While  the  figures  in  detail  do  not  show  as  much  connection  as 
might  be  expected  between  a  disproportionate  amount  of  typhoid 
in  the  first  c^uarter  of  the  year  and  a  long  period  of  ice  closure  of 
the  lake,  yet  it  may  l)e  noted  that,  in  1893.  the  worst  typhoid 
year  indicated  by  the  table.  7  of  the  10  typhoid  deaths  occurred 
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in  the  first  quarter,  and  in  that  year  the  lake  closed  earlier  and 
remained  closed  longer  than  any  other  year  of  the  sixteen.  The 
following  winter  was  an  open  one.  and  in  August  (1894)  the  water 
intake  extension  was  put  in  use.  Only  two  typhoid  deaths  were 
recorded,  one  of  which  was  in  the  first  c^uarter.  In  1895,,  the 
lake  was  closed  seventy-one  days,  Imt  there  was  only  one  typhoid 
death,  and  that  in  the  later  part  of  the  year.  The  effect  of  the 
new  intake  was  shown  in  this  and  a  number  of  sui)sec[uent  years, 
l)ut  beginning  with  1900,  typhoid  again  rose.  With  the  excep- 
tion of  1900  and  1904,  typhoid  has  been  highest  when  the  lake 
was  closed  longest,  and  in  three  of  the  six  years  more  than  half 
of  the  typhoid  deaths  have  been  in  the  first  quarter  of  the  year. 
It  should  be  noted  that  the  bay  and  river,  the  region  of  sewage 
influence,  are  closed  earlier  and  longer  than  the  broad  lake,  and 
that  the  table  inserted  in  this  discussion  shows  that  for  the  Avhole 
sixteen  years  30  of  the  68  typhoid  deaths  recorded  were  in  the 
first  quarter  of  the  year  when  they  would  be  least  expected, 
pointing  undoul»tedly  to  the  protective  effect  of  ice  covering  on 
the  typhoid  germs  in  the  lake  water.  AVhh  the  recurrence  of 
typhoid  from  1900  on,  only  10  of  the  27  recorded  typhoid  deaths 
were  in  the  January-March  cjuarter.  indicating  that  the  typhoid 
infection,  from  whatever  source,  is  liecoming  more  generally  dis- 
tributed throughout  the  year. 

Mr,  Weston  suggests  that  hospitals  in  generalhave  little  effect, 
that  need  be  considered,  on  the  vital  statistics  of  cities.  This 
may  be  true  for  large  cities,  for,  as  Mr.  Weston  says,  the  out-of- 
town  patents  who  die  in  such  hospitals  may  l)e  balanced  by  tiie 
people  of  those  cities  who  die  elsewhere.  But  m  a  city  like  Bur- 
lington, with  no  hospital  in  near-by  places,  the  out-of-town 
patients  are  less  likely  to  l)e  balanced  in  such  a  way.  Dr.  Stone 
also  states  as  his  belief  that  the  hospital  at  Burlington  has  little 
effect  on  the  number  of  typhoid  deaths,  since  the  taking  of  typhoid 
cases  is  avoided  there.  Probably  the  Burlington  hospital  does 
have  but  little  effect  on  typhoid  in  P>urlington,  l^ut  doubtless  it 
accounts  in  part  for  the  high  general  mctrtality  in  that  city.  The 
two  childrens'  homes,  taking  children  from  without  the  city,  add 
to  the  under-five  population,  and  therefore  contribute  to  the 
undulv  high  infant  mortality. 
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It  is  to  be  regretted  that  the  Louisville  figures  mentioned  by 
Mr.  Fuller  could  not  be  inoluded  in  the  discussion.  The  author 
is  informed  that  Mr.  George  C.  Whipple  has  also  collected  some 
diarrheal  statistics  in  connection  with  water  supply  studies  at 
Cleveland,  Ohio.  Mr.  Fuller's  remarks  on  the  need  of  caution  in 
interpreting  results  obtained  with  presumptive  methods  for  deter- 
mining fecal  bacteria  deserve  attention  in  connection  with  the 
large  number  of  colon  bacilli  reported  as  found  at  Burlington. 

Dr.  Soper's  remarks,  like  those  by  Mr.  Hazen  and  others,  endorse 
the  author's  general  idea  of  broadening  the  scope  of  the  vital 
statistics  commonly  used  in  studying  the  effects  of  water  supplies 
on  the  public  health.  Dr.  Soper  would  go  even  further  afield, 
taking  in  other  than  diarrheal  diseases,  not  because  these  are 
caused  by  bad  water,  but  because,  for  one  reason  or  another,  they 
cover  up  many  typhoid  cases  and  deaths.  The  author  agrees 
with  Dr.  Soper  that  the  diarrheal  statistics  should  be  used  with 
caution  and  that  a  variety  of  other  factors  than  the  water  supply 
should  be  considered  in  studying  diarrheal  mortality.  It  is 
particularly  desirable  that  this  should  be  done  at  Burlington, 
where,  as  the  author  pointed  out  in  his  report  to  that  city  in  1905, 
the  sanitary  condition  of  the  milk  supply  has  received  ver}-  little 
attention  as  yet,  and  where  housing  conditions  and  infant  feeding, 
among  a  considerable  part  of  the  population,  are  probably  bad. 

The  association  and  the  author  have  reason  to  be  thankful  for 
the  discussion  contributed  by  so  eminent  a  vital  statistician  as 
Dr.  Fulton.  It  is  only  fair  to  the  health  officials  of  Burlington 
for  the  author  to  take  upon  himself  the  full  responsibility,  as  he 
thought  he  made  plain  in  the  paper,  for  searching  oir^,  in  the 
twenty-six  annual  reports  and  grouping  together  by  years  and 
classes  all  the  statistics  included  in  the  tables,  and  for  making 
the  reclassifications  indicated  by  footnotes.  In  no  one  of  the 
Burlington  reports  is  there  a  comparative  study  of  any  of  these 
mortality  figures  by  years,  nor  did  any  of  the  health  officers,  so 
far  as  the  reports  show,  ever  reclassify  as  typhoid  fever  a  death 
reported  by  a  physician  as  "  bilious  "  fever,  "  continued  "  fever, 
etc.  In  the  same  year  the  mortality  reports  include  deaths  from 
typhoid  fever  and  enteric  fever  as  though  the  two  diseases  were 
not  identical.     The  later  reports  bear  circumstantial  evidence. 
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but  no  direot  ])ro()f,  that  some  reclassifications  have  been  made 
by  the  health  officer.  Probably,  ho\ve\'er.  the  disappearance  of 
"  bilious"  fever  and  the  like  from  the  mortality  tables  is  largely 
due  to  imi)rovement  in  the  nomenclature  used  by  the  practicing 
physicians. 

Finally,  tiie  author  exjiresses  a  hope  that  other  attem])ts  will 
be  made  to  broaden  the  studies  of  the  relations  between  typhoid 
and  the  public  health:  that  health  officers  and  i)racticing  physi- 
cians will  devote  themselves  far  more  earnestl}-  and  intelligently 
than  heretofore  to  the  perfection  of  vital  statistics,  both  in  com- 
pleteness and  in  classification;  and  that  the  city  of  Burlington 
will  soon  find  some  permanent  means  of  improving  the  character 
of  its  water  supply  and,  what  is,  perhaps,  even  more  important, 
of  introducing  other  sanitary  reforms,  all  of  which  combined  will 
result  hi  the  reduction  of  its  typhoid,  diarrheal,  infantile,  and  total 
mortality  to  a  figure  appropriate  for  a  city  of  its  unsurpassed 
natural  conditions. 


PROCEEDINGS.  225 


PROCEEDINGS. 

March  Meeting. 

Hotel  Brunswick. 
Boston,  March  14,  1906. 

The  President,  Prof.  W.  T.  Sedgwick,  in  the  chair. 
The  followhis;  members  and  guests  were  in  attendance: 

Members. 
M.  N.  Baker,  C.  H.  Baklwin,  L.  M.  Bancroft,  W.  T.  Barnes,  G.  W.  Batch- 
elder,  J.  E.  Beats,  E.  :\I.  Blake,  George  Bowers,  E.  C.  Brooks,  G.  A.  P.  Buck- 
nam,  J.  C.  Chase,  R.  C.  P.  Coggeshall,  M.  F.  Collins.  E.  R.  Dyer,  H.  P.  Eddy, 
E.  D.  Eldredge,  I.  T.  Farnham,  J.  N.  Ferguson,  Desmond  FitzGerald,  F.  F. 
Forbes,  D.  W.  French,  T.  C.  Gleason,  A.  S.  Glover,  F.  W.  Gow,  J.  O.  Hall, 
J.  C.  Hammond,  Jr.,  L.  M.  Hastings,  V.  C.  Hastmgs,  H.  G.  Holden,  J.  L. 
Howard,  E.  W.  Kent,  Willard  Kent,  L.  P.  Kinnicutt,  H.  V.  Macksey,  D. 
E.  Makepeace,  A.  D.  Marble,  A.  E.  Martin,  W.  E.  Maybury,  John  Mayo,  A. 
S.  Merrill,  F.  E.  Merrill,  H.  A.  Miller,  C.  A.  Mixer,  Wm.'Naylor,  G.  H.  Palmer, 
W.  W.  Robertson,  C.  M.  Saville,  E.  M.  Shedd,  C.  W.  Sherman,  Sidney  Smith, 
G.  H.  Snell,  G.  A.  Stacy,  J.  T.  Stevens,  R.  J.  Thomas,  H.  L.  Thomas,  W. 
H.  Thomas,  W.  H.  Vaughn.  R.  S.  Weston,  J.  C.  Whitney,  O.  J.  Whitney, 
L  S.  Wood,  C.-E.  A.  Winslow,  G.  E.  Winslow,  E.  T.  Wiswall.  —  64. 

Honorary  Members. 
W.  T.  Sedgwick.  F.  W.  Shepperd.  —  2. 

Associates. 
Builders  Iron  Foundry,  by  F.  N.  Connet;  Chapman  Valve  Mfg.  Co.,  by 
Edw.  F.  Hughes;  The  Fairbanks  Co.,  by  F.  A.  Leavitt;  Hersey  Mfg.  Co., 
by  Albert  S.  Glover,  Jas.  A.  Tilden,  H.  D.  Winton,  H.  V.  Macksey;  Inter- 
national Steam  Pump  Co.,  by  Samuel  Harrison;  Macleod  &  Co.,  by  W.  F. 
Stoddard;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  Mueller  Mfg^  Co.,  by 
G.  A.  Caldwell;  National  Lead  Co.,  by  G.  L.  Whittemore  and  11.  McConaghy; 
National  Meter  Co.,  by  C.  H.  Baldwin  and  J.  G.  Lufkin;  Neptune  Meter  Co., 
bvH.  H.  Kinsey  and  F.  W.  Hawks;  Rensselaer  Mfg.  Co.,  by  F.  S.  Bates  and 
C.  L.  Brown;  A.  P.  Smith  Mfg.  Co.,  by  F.  N.  Whitcomb;  Thomson  Meter 
Co.,  by  Edward  M.  Shedd;  Union  Water  Meter  Co.,  by  W.  F.  Hogan;  Imited 
States  Cast  Iron  Pipe  it  Foundry  Co.,  by  F.  W.  Nevins;  R.  D.  Wood  &  Co., 
bv  Wm.  F.  Woodljurn.  —  24. 
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Guests. 

Hon.  Thomas  Thompson,  Mayor,  New  Bedford,  Mass.;  T.  H.  Dearing, 
M.D.,  Water  Conmiissioner,  Henry  A.  Monk,  Clerk,  and  John  Kelly,  Water 
Commissioner,  Braintree,  Mass.;  Clarence  Goldsmith,  Supt.,  North  Andover, 
Mass.;  C.  W.  Gilbert,  Wobum,  Mass.;  R.  R.  Thomas,  Quincy,  Mass.;  F."  L. 
Clapp,  Stoiighton,  Mass.;  A.  H.  French,  Brookline,  Mass.;  G.  A.  Sampson, 
Boston,  Mass.;  C.  Story,  H.  M.  McRae,  G.  H.  Bryant,  G.  H.  Hanley,  G.  E. 
Washburn;  C.  H.  Rollins,  Water  Commissioner,  Watertown,  Mass.  —  16. 

[Names  counted  twice.  —  4.] 

After  the  dinner  had  been  served,  President  Sedgwick  called 
the  company  to  order,  and  said: 

"  Death  has  invaded  our  membership  smce  the  last  meeting 
and  taken  from  us  one  of  our  vice-presidents,  Mr.  Frank  A.  An- 
drews, of  Nashua,  N.  H.;and  another  member,  Mr.  T.  W.  Mann, 
of  Holyoke,  has  also  died.  These  events  remind  us  that  the 
association  is  always  losing  at  one  end  and  needs  always  to  be 
gaining  at  the  other;  in  other  words,  we  must  ever  be  on  the 
lookout  for  new  members  to  take  the  places  of  those  who  pass 
away.  This  association  can  do  its  best  work  onty  if  it  has  a 
large  and  vigorous  membership,  provided,  of  course,  that  that 
membership  is  of  the  right  ciuality.  In  the  Executive  Committee 
meeting  to-day  we  have  been  discussing  the  ad^'isability  of  adding 
steadily  new  and  fit  material  to  our  membership.  Let  each  one 
of  us  see  to  it  that  no  man  who  ought  to  be  a  member  goes  on  long 
without  being  proposed  for  membership  The  Executive  Com- 
mittee will  be  glad  at  any  time  to  receive  applications. 

■'The  next  meeting  of  the  association  will  be  the  annual  field- 
day  meeting.  For  this  plans  are  not  yet  fully  matured,  and  the 
Executive  Committee  would  be  pleased  if  any  members  who  have 
bright  ideas  as  to  proper  '  stunts  '  to  carr}'  out  on  field  day 
would  communicate  those  ideas  to  the  committee.  In  other 
words,  the  Executive  Committee  will  welcome  hints  from  all 
sources,  —  although  they  will  not  promise  to  adopt  any  of  them. 

"  The  first  business  in  order  is  the  election  of  new  members,  and  I 
will  ask  the  Secretary  to  read  the  names  of  candidates  who  ha-\'e 
been  passed  and  approved  to-day  by  the  Executive  Committee." 

The  Secretary  read  the  names  of  the  following  applicants  for 
membership: 


procf:eding.s.  227 

Ransom  Rowe,  Lynnfiekl,  Mass.,  Water-Works  Contractor; 
James  A.  Tilden.  Hyde  Park,  Mass.,  Mechanical  Engineer;  George 
G.  Honness,  Katonah,  West  Chester  Comity,  N.  Y.,  with  the  New 
York  City  Acpeduct  Commission;  Dabney  H.  Mamy,  Peoria, 
111.,  Consulting  Engineer;  Nicholas  P.  Simin,  Moscow,  Russia, 
Chief  Engineer,  Moscow  Water  Works;  Francis  F.  Longley, 
Washington,  D.  C,  engaged  in  water  sui)ply,  water  purification, 
and  other  engineering  work. 

On  motion  of  Mr.  P)ancroft,  the  Secretary  was  directed  to  cast 
the  ballot  of  the  association  in  favor  of  the  applicants,  and  they 
were  declared  elected. 

The  President.  Massachusetts  is  a  state  of  cities,  and  among 
the  cities  that  adorn  the  state  and,  as  we  believe,  adorn  New 
England,  there  are  few  more  thriving  or  more  prosperous  than 
New  Bedford.  We  are  fortunate  in  having  as  one  of  our  guests 
to-day  the  chief  magistrate  of  that  city.  Mayor  Thompson,  who 
has  kindly  consented  to  say  a  word  to  us  as  members  of  the  New 
England  Water  Works  Association.  I  have  great  pleasure  in 
presenting  Mayor  Thompson  of  New  Bedford. 

Mayor  Thompson  was  received  with  hearty  apjjlause,  and  in 
response  said: 

Mr.  Chairman  and  Gentlemen.  —  It  is  a  ]jleasure  for  me  to  be 
here  l)efore  such  an  intellectual  body  of  men,  especially  as  all  are 
designated  as  being  on  the  water  wagon.     [Laughter.] 

New  Bedford  is  a  thriving  city,  and  no  doubt  every  one  of  you 
has  read  of  some  of  the  conditions  which  are  surrounding  the 
municipality  of  New  Bedford.  There  are  peculiarities  that 
■surround  every  municipality,  and  New  Bedford  is  no  exception, 
although  we  pride  ourselves  on  being  the  first  city  in  this  great 
country  in  what  we  call  the  manufacture  of  fine  goods.  We  have 
42  cotton  factories  in  New  Bedford,  with  a  capital  stock  of  about 
$15  829  000.  The  amount  of  dividends  paid  last  year  was 
$829  500,  or  about  5.94  per  cent,  upon  the  money  invested. 

There  is  one  thing  that  we  had  to  do,  and  that  was  to  increase 
the  water  rates  to  the  manufacturing  interests  in  New  Bedford. 
It  shouldn't  have  been  done,  but  as  they  desired  to  have  the 
water  department  upon  a  paying  basis  they  placed  from  two  and 
one-half  cents  a  thousand  gallons  up  to  fifteen,  makhig  an  addi- 
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tional  expense  to  the  cotton  factories  and  the  various  other 
manufactories  in  New  Bedford  of  about  $65  000. 

We  are  trying  to  put  meters  in  to  the  best  of  our  abiUty,  but 
some  man  up  here  in  our  legislature,  who  is  more  conversant 
with  crazy  quilts  than  he  is  with  meter  systems,  is  trying  to  compel 
all  municipalities  in  Massachusetts  to  meter  every  service  and 
and  to  attach  a  penalty  if  you  don't  do  it  before  a  certain  date. 

Now,  I  think  we  citizens  of  ^Massachusetts  have,  to  a  degree,  lost 
faith  in  our  representatives  and  our  senate,  simply  because  we 
don't  go  around  and  look  after  these  freak  bills  that  are  being 
presented  to  the  legislature  by  interested  people. 

There  is  no  doubt  of  it,  there  has  been  a  peculiar  situation  hi 
New  Bedford.  We  have  a  license  commission.  The  license 
commissioners  are  appointed  by  the  mayor  and  controlled  by 
the  mayor.  The  license  commissioners  do  not  grant  the  licenses; 
they  vote  for  them,  that  is  all.  but  the  mayor  selects  those  who 
shall  have  the  licenses  and  the  commissioners  simply  concur. 
And  why?  Simply  because  when  it  comes  up  to  a  question  of 
an  election  they  w^ant  to  have  those  fellows,  because  you  know 
there  is  more  profit  in  whiskey  than  there  is  in  molasses,  because 
when  business  is  poor  they  can  put  the  hose  into  the  barrel  and 
forget  to  take  it  out,  and  so  when  they  can't  get  a  percentage 
over  the  counter  in  any  other  way  they  can  make  it  on  the  water, 
for  we  only  charge  $2.50  for  a  faucet.  [Laughter.]  8o  you  see 
that,  he  having  the  control  of  that  department,  it  is  very  easy 
for  him  to  say  when  it  comes  election  time  to  one  of  these  men, 
"  I  should  like  to  have  $500  from  you  for  the  campaign  fund." 
He  says,  "  I  can't  afford  to  pay  it."  Put  the  pencil  through  his 
name;  he  can't  have  a  license.  But  he  don't  want  to  go  back 
and  work  in  a  sewer;  he  don't  want  to  use  a  pick. 

They  tell  a  story  down  in  New  Bedford  about  a  fellow  who  was 
down  on  the  wharf  looking  at  one  of  the  old  whalers,  and  his 
attention  was  attracted  b\'  a  big  anchor  which  w^as  lying  there. 
He  stayed  round  so  long  that  finally  somebody  asked  him  what 
he  was  waiting  for.  He  replied.  "  I  am  waiting  to  see  the  man 
who  uses  that  big  pick."  [Laughter.]  Now,  these  fellows  don't 
want  to  go  out  and  work  with  a  pick  or  a  shovel;  they  know  there 
is  more  profit  in  the  liquor  business.     They  know  they  can  make 
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four  or  five  thousand  dollars  a  year,  and  for  the  chance  to  make 
it  they  are  willing  to  pay  that  $500.  The  legislature  of  Massa- 
chusetts has  placed  that  upon  us  by  saying  there  shall  be  one 
license  for  every  1  000  people  in  a  municipality,  so  New  Bedford 
has  about  74  licenses.  And,  of  course,  for  years  past  we  have 
been  subjected  to  what  you  may  call  the  pseudo-ajwthecary  shop. 
It  is  patent  medicines  and  Peruna  alongside  of  nursing  bottles 
and  liver  pads.  Down  cellar  they  make  the  goods  and  in  the 
back  shop  they  deliver  up.     [Laughter.] 

And  the  municipality  has  been  retrogressive  along  these  lines 
and  spending  its  money  extravagantly,  actually  throwing  it  away; 
in  the  month  of  January,  under  the  new  overseers  of  the  poor 
that  I  placed  there,  we  saved  $50  a  day  even  in  our  poorhouse, 
and  on  the  outside  we  saved  $60  a  day,  making  $110  a  day,  and 
without  any  real  detriment  to  the  municipality  of  New  Bedford. 
But  because  of  the  former  extravagance  we  were  forced  to  saddle 
upon  the  manufacturers  of  the  city  of  New  Bedford  $65  000,  and 
then  our  water  department  receives  the  blame,  because  of  the 
extravagance  and  the  incompetency  of  the  men  who  have  handled 
the  administration. 

So  I  say  to  you  men  who  are  trying  to  give  the  people  what 
will  be  beneficial  to  them,  and  to  bring  to  the  man  bloom  upon 
his  cheek  and  not  Avaste  and  take  from  the  man  or  curb  his  pliA'si- 
cal  or  destroy  his  mental  powders,  that  these  men,  who  hold  the 
reins  of  government  through  the  power  of  liquor  have  simply 
subjected  the  water  boards  of  Massachusetts  to  that  condition 
of  things,  and  it  will  happen  in  every  municipality  of  Massachu- 
setts, I  care  not  which  it  is,  miless  we  can  arrest  that  condition 
that  monopolizes  man  and  makes  him  bow  subservient  to  the 
selfish  ambition  of  any  man  or  any  coterie  of  men.  And  if  you 
men  are  alive  to  the  situation  of  a  progressive  nmnicipality  you 
can  take  this  thing  in  hand;  and  that  is  the  paramount  question 
to  all  other  questions,  because  the  water  departments  of  this 
great  state  are  proving  to  us  the  possibilities  of  municipal  owner- 
ship in  the  near  future,  so  that  the  car  tracks  and  lighting  and 
so  forth  shall  come  into  the  hands  of  the  people  in  order  that  the 
people  may  have  the  revenues  from  what  they  consume  and  pay 
for.     And  if  you  men  will  only  just  clasp  hands  in  one  great  chain 
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from  the  lierksliiro  Hills  to  old  Cape  Cod.  you  can  give  Massa- 
chusetts better  legislation  by  sendhig  Ijetter  men  to  the  legis- 
lature, who  will  enact  laws  that  shall  be  beneficial  to  the  great 
l)()dy  of  the  citizens  of  Massachusetts,  so  that  posterity  can  walk 
in  a  narrow  path  and  climb  the  mountains  in  the  future  because 
we  have  fought  and  have  educated  them  to  fight  for  the  solution 
of  the  great  and  complex  questions  that  confront  us  in  this 
great  and  growing  country  of  ours.  Gentlemen.  I  thank  you. 
[Applause.] 

The  President.  Mayor  Thompson  has  touched  on  many 
points  of  interest  to  water-works  men,  certainly  on  one  which  we 
can  all  subscribe  to,  and  that  is  that  in  our  municipalities  not 
infrecjuently  water  boards  have  suffered  because  of  extravagance 
or  ill-advised  efforts  in  other  municipal  directions.  What  is 
greatly  needed  is  some  wise  supervision  of  all  municipal  affairs, 
so  that  the  schools  and  the  streets,  the  water  department  and  all 
other  departments  shall  have  their  just  and  proper  share  of  funds. 
We  are  grateful  to  you,  Mr.  Mayor,  for  bringing  up  these  points. 
The  principal  paper  of  the  day,  gentlemen,  will  be  by  one  of  our 
own  members,  the  distinguished  associate  editor  of  an  important 
engineering  paper,  the  Engineering  News,  and  a  gentleman  whose 
activities  range  over  a  wide  field.  Mr.  Baker  is  not  only  an  expert 
on  water  and  water  supply,  but  he  is  the  president  of  one  of  the 
best  boards  of  health  in  the  United  States,  the  board  of  health  of 
Montclair,  N.  J.  I  know  of  my  own  knowledge  that  this  board 
has  been  more  progressive,  more  scientific,  more  courageous,  and 
more  successful  than  almost  any  other  local  board  of  health  of 
any  place  of  equal  size  in  the  United  States;  and  I  believe  that 
to  be  so  largel}^  because  it  has  had  upon  it  good  physicians,  good 
citizens,  and  especially  a  good  engineer  in  the  person  of  Mr.  Baker. 
This  association  has  always  been  interested  in  sanitary  ques- 
tions, particularly  as  affecting  water  supplies.  Many  of  you  who 
have  been  connected  with  it  as  long  as  I  have,  or  longer,  have  seen 
great  changes  in  our  attitude  and  in  the  attitude  of  the  public 
toward  water  supplies,  and  some  of  you  have  heard  in  the  past 
about  the  conditions  at  Burlington,  Vt.  Mr.  Baker  is  thoroughly 
familiar  with  the  conditions  there,  and  especially  with  the  modern 
conditions,  and  I  esteem  it  a  great  privilege  that  we  are  to  hear 
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from  bin;  tliis  aftenioou  upon  the  water  supply  and  certain  sani- 
tary matters  connected  with  the  water  supply  of  Burlington. 

It  is  a  matter  of  regret  that  no  representative,  as  far  as  I  know, 
is  present  to-day  from  that  city.  We  have  members  there,  but 
Burlington  is  a  long  way  off.  We  have  had  submitted,  however, 
typewritten  comments  upon  Mr.  Baker's  paper  by  some  of  the 
municipal  authorities  of  Burlington,  and  also  by  some  members 
of  the  association,  especially  Mr.  Hazen  of  New  York  and  Mr. 
Leighton  of  Washington.  I  will  ask  Mr.  Baker  to  present  his 
paper  now,  but  we  will  postpone  our  discussion  of  it  for  a  short 
time  while  we  listen  to  a  description  of  the  pitometer,  which  has 
been  set  up  here  in  the  middle  of  the  room,  by  ]\Ir.  Blake,  and  then 
we  will  have  a  discussion  of  Mr.  Baker's  pa^Der  and,  if  time  permits, 
of  ]\Ir.  Blake's.  I  have  great  pleasure  in  presenting  Mr.  Baker. 
[Applause.] 

Mr.  M.  N.  Baker.  I  wish  to  thank  tlie  President  for  the  kind 
word  which  he  has  spoken  of  the  Montclair  Board  of  Health, 
because  I  am  deeply  interested  in  having  the  work  of  boards  of 
health  throughout  the  country  entered  upon  with  more  vigor,  and 
I  therefore  welcome  every  opportunity  which  calls  attention  to 
the  efforts  which  we  have  made,  in  the  hope  that  similar  efforts 
may  be  made  in  other  communities;  for,  I  regret  to  say,  to  a  large 
extent  throughout  the  whole  country  the  work  of  local  boards 
of  health  is,  considering  the  vital  interests  involved,  in  a  very 
shameful  condition  indeed. 

Mr.  Baker  then  proceeded  with  the  presentation  of  his  ]iaper, 
which  was  entitled  "  Water  Supply,  Tyjihoid  Fever,  and  Diar- 
rheal Diseases  in  Burlington,  Vt.,  1879  to  1905,  Inclusive." 

Edmund  ]M.  Bi-ake,  civil  engineer,  of  Boston,  explained  "The 
Pitometer  and  Its  Uses  ":  after  which  there  was  a  discussion  of 
^Ir.  Baker's  paper.  First,  a  communication  from  Dr.  B.  H.  Stone, 
director  of  the  State  Laboratory  of  Hygiene  at  Burlington,  Vt., 
was  read  by  Mr.  Coggeshall.  Mr.  Robert  S.  Weston,  Mr.  C.-E. 
A.  Winslow  and  Prof.  Leonard  P.  Kinnicutt  participated  in  the 
oral  discussion  which  followed,  and  papers  by  Mr.  Allen  Hazen 
and  Mr.  M.  0.  Leighton  were  jjresented. 

On  motion  of  ]\Ir.  Bowers  the  meeting  adjourned. 
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EXECUTIVE  COMMITTEE. 

Tremont  Temple,  March  14,  1906. 

Present:  President  William  T.  Sedgwick,  R.  J.  Thomas,  F.  W. 
Gow,  F.  E.  Merrill,  L.  M.  Bancroft,  Charles  W.  Sherman,  John  C. 
Chase.  WillardTvent. 

Six  applications  for  membership  were  received  and  approved, 
viz.,  Ransom  Rowe,  George  G.  Honness,  Dabney  H.  Maury, 
James  A.  Tilden,  Nicholas  P.  Simin,  and  Francis  Fielding  Longley. 

On  motion  of  ^Ir.  Sherman,  seconded  by  ^Ir.  Thomas,  the 
following  ruling  was  unanimously  adopted:  "  That  applications 
for  admission  as  members  may  be  received  from  persons  otherwise 
eligible,  engaged  in  a  technical  capacity  with  firms  dealing  in,  or 
manufacturing,  water-works  supplies,  provided  the  said  firms  are 
already  Associates." 

Voted:  That  the  President,  Mr.  Stacy,  and  .Mr.  Merrill,  be  a 
committee  on  the  June  Field  Day  with  full  j)owers,  including  that 
of  adding  additional  members. 

Voted :  That  the  above  committee  be  also  a  committee  on  the 
Annual  Convention. 

Voted:  That,  as  an  experiment,  the  tabulation  of  water-works 
statistics  be  omitted^from  the  Journal  for  the  present  year,  but 
published  next  year  and  thereafter  biennially. 

Adjourned. 

Attest :  WiLLARD  Kent,  Secretary. 
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Thomas  W.  ]\Ianx,  civil  engineer,  of  Holyoke,  Mass.,  died  in 
that  city  on  February  28,  1906. 

Mr.  Mann  was  born  in  Ireland  about  sixty  years  ago  and  came 
to  this  countiy  when  ten  years  of  age,  with  his  parents,  who  settled 
in  Holyoke.  After  graduating  from  the  Holyoke  High  School  he 
received  an  appointment  to  West  Point,  but  failed  to  pass  the 
physical  examination.  He  then  took  up  civil  engineering,  and  for 
some  years  he  was  employed  by  the  Holyoke  Water  Power  Com- 
pany ;  later  he  opened  an  office  for  himself,  which  he  maintained 
for  some  twenty-five  years.  He  was  town  engineer  of  Holyoke 
before  it  became  a  city,  and  was  city  engineer  in  1884  and  1885. 

He  became  a  member  of  the  New  England  Water  Works  Asso- 
ciation on  June  9,  1892. 

Frank  Albert  Andrews,  assistant  superintendent  of  the 
Pennichuck  Water  Works,  Nashua,  N.  H.,  and  one  of  the  vice- 
]) residents  of  the  New  England  Water  Works  Association,  died  on 
March  1.  1906. 

Mr.  Andrews  was  born  in  Nashua,  August  3.  1865.  He  had 
l^een  with  the  water  company  for  twenty  years,  and  had  been 
assistant  su])erintendent  for  several  years. 

In  addition,  he  was  a  member  of  the  insurance  firm  of  Andrews, 
Son  ct  Co.,  and  was  an  officer  of  several  corporations.  A  local 
paper  says  of  him: 

''  Mr.  Andrews  was  one  of  the  sunniest  of  the  active  young  men 
of  the  city.  He  was  upright  and  in  the  open  in  all  his  business 
transactions,  and  in  the  social  circles  of  those  of  his  own  age  no 
man  was  more  highly  regarded  as  being  unselfish  and  determined 
on  doing  all  he  could  discover  to  do  to  add  to  the  happiness  of 
those  with  whom  he  was  associated." 

He  was  elected  a  member  of  tlie  association  on  December  14, 
1887. 
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JoHX  James  Rorertsox  Croes,  one  of  the  most  widely  known 
civil  and  hx'draulic  engineers  of  this  country,  died  March  17,  1906. 
Mr.  Croes  was  a  past  president  of  the  American  Society  of  Civil 
luigineers,  and  an  honorary  memljcr  of  the  Xew  England  Water 
Works  Association. 

yiv.  Croes  was  born  in  Richmond,  Va.,  November  2.5,  1S34.  His 
early  boyhood  was  passed  in  Terre  Haute,  Ind.,  and  he  was  edu- 
cated in  the  College  of  St.  James,  Hagerstown,  ^Md.,  graduating 
in  1853.  He  then  took  up  the  study  of  civil  engineering  in  the 
offices  of  practising  engineers.  He  was  employed  on  the  Brooklyn 
Water  Works,  the  New  York  Water  Works,  and  the  Washington 
Aqueduct;  and  then,  after  a  short  service  under  James  P.  Kirk- 
wood  on  investigations  relating  to  St.  Louis  and  Cincinnati  water 
works,  returned,  in  1865,  to  New  York  to  take  charge  of  surveys 
for  storage  reservoirs  in  the  Croton  valley.  He  was  connected  with 
the  Croton  Works  for  a  number  of  years,  and  later  with  the  New 
^'ork  Department  of  Parks.  During  the  last  twenty-five  years  he 
had  been  connected  as  chief  engineer  or  consulting  engineer  with 
nuiny  important  engineering  enterprises. 

Mr.  Croes  became  a  member  of  this  association  June  17,  1887, 
and  on  September  14,  1904,  was  made  an  honorar}'  member. 
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Hydraulic  Motors.  By  Irving  P.  Church,  M.C.E.,  Proi'essor  of  AppHed 
Mechanics  and  Hydraulics,  Cornell  University.  New  York:  John  Wiley  & 
Sons.     1905.     ix  +  280  pages.     6X9  inches.     Price,  $2.00. 

This  excellent  book  has  been  prepared  as  a  text-book  to  be  used  by  students 
already  well-grounded  in  the  principles  of  mechanics  and  hydraulics.  It  is 
particularly  adapted  for  use  after  Professor  Church's  "  Mechanics  of  Engi- 
neering," to  which  it  may  be  considered  supplementary.  Mathematics  are  used 
freely.  Like  all  of  Professor  Church's  \vritings,  the  reasoning  is  clear  and 
logical,  and  the  explanations  are  excellent. 

The  titles  of  the  chapters  are:  Chapter  I,  General  Considerations  and 
Principal  Types  of  Motors;  Chapter  II,  Gravitj^  Motors;  Chapter  III,  Pre- 
liminary Theorems  fundamental  to  the  Theory  of  Turbines  and  Centrifugal 
Pumps;  Chapter  IV,  Impulse  Wheels;  Chapter  V,  Turbines  and  Reaction 
W'heels;  Chapter  VI,  Testing  and  Regulation  of  Turbines;  Chapter  VII, 
Centrifugal  and  "Turbine"  Pumps;  Chapter  VIII,  Pipes,  Weirs,  and  Open 
Channels;  Chapter  IX,  Pressure-Engine,  Accumulators,  and  Hydraulic 
Rams;  Appendix,  Diagrams  and  Tables. 

The  several  types  of  wheels  are  illustrated  both  diagrammatically  and  by 
views  of  actual  wheels.  Among  the  views  are  a  number  of  excellent  half-tone 
plates  of  some  of  the  verj^  large  recent  wheels. 
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PROGRESS  REPORT   OF   THE  COMMITTEE   OX   MflTER 

RATES. 

BV    THE    COMMITTEE. 
[Presented  September  14,  1906.] 

The  Committee  on  Meter  Rates  is  gratified  that  the  di.scussion 
upon  its  report*  has  been  so  general  and  so  intelhgent.  The 
fact  that  its  suggestions  have  been  favorabh'  criticised  in  some 
instances  and  unfavorably  in  others,  shows  that  the  conditions 
under  which  meters  are  installed  vary  to  a  great  extent  in  differ- 
ent places,  and  the  subject  presents  itself  in  different  ways  to 
different  people. 

In  replying  to  some  of  the  suggestions  and  criticisms  brought 
out  by  its  report  upon  meter  rates,  the  committee  does  it  in  no 
spirit  of  antagonism  to  the  sugge.stions  or  plans  proposed.  It 
seems  desirable  that  all  points  should  be  discussed,  and  the  ad- 
vantages of  any  proposal,  or  the  objections  to  its  adoption, 
emphasized. 

Mr.  Herschel  in  his  discussion  of  the  matter  suggests,  or  seems? 
to  suggest,  that  the  part  of  the  annual  cost  of  a  system  of  water 
works  which  is  due  to  the  provision  of  large  capacity  standing 
ready. for  service  should  be  met  by  a  charge  for  fire  service,  and 
that  the  balance  be  met  by  a  charge  for  water  actually  used.  This 
is  an  excellent  suggestion,  and  is  only  another  way  of  doing  what 
the  committee  suggests,  namely,  meeting  fixed  charges  by  an 
assessment,  or  appropriation,  which  is  independent  of  the  amount 
of  water  used.     The  committee  agrees  with  him  that  this  should 

♦Presented  September  13,  190.5,  and  published  in  the  Journal,  .September,  1905,  p.  322. 
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be  paid  out  of  the  tax  levy,  and  it  furthermore  beheves  that  an 
equitable  proportion  of  the  entire  annual  maintenance  expenses 
to  be  raised  in  this  wa}'  would  approximate  one  half.  Un- 
fortunately, however,  the  prevailing  idea  seems  to  be  to  keep  this 
appropriation  for  the  tax  levy  as  small  as  possible,  and,  as  the 
revenue  from  consumers  increases,  to  eliminate  it  entirely,  rather 
than  to  relieve  the  consumer  by  reducing  the  rates,  as  equity 
between  consumer  and  taxpayer  certainly  demands.  As  prac- 
tical men,  we  must  advocate  practical  measures,  and  however 
desirable  it  is  that  there  should  be  a  more  equitable  arrangement 
between  the  consumer  and  taxpayer  than  now  exists,  the  com- 
mittee feels  that  it  is  more  feasible  in  the  present  state  of  things 
for  the  department  to  take  what  can  be  had  from  the  tax  levy, 
as  proposed  by  it,  applying  it  to  the  payment  of  fixed  charges, 
and  raise  the  balance  for  meeting  those  charges  by  an  assessment 
of  some  kind,  than  to  endeavor  to  convert  municipal  govern- 
ments to  the  idea  of  appropriating  an  adequate  amount  for  fire 
protection.  The  taxpayer  probably  has  greater  influence  with 
the  city  council  than  the  consumer  has. 

After  the  charges  for  "  standing  ready  "  are  met,  the  water 
furnished  can  be  paid  for  upon  the  basis  of  the  actual  quantity 
used,  as  both  Mr.  Herschel  and  the  committee  agree.  The  com- 
mittee, however,  does  not  agree  with  Mr.  Herschel  "  that  to 
attain  simplicity  is  reason  enough  to  reject  the  committee's  plan 
of  front-foot  assessment."  It  does  not  consider  the  front-foot 
plan  as  a  complicated  method,  but,  on  the  contrary,  as  a  simple 
one,  and  the  difficulty  of  adoption  is  not  on  account  of  its  com- 
plexity, but  on  account  of  its  newness,  or  because  it  is  different 
from  any  method  now  in  use.  Mr.  Herschel  regrets  that  the 
committee —  in  saying,  "  If  the  first  system  (gravity  system)  has 
an  ample  supply,  it  costs  no  more  (within  certain  limits)  to  fur- 
nish a  large  amount  of  water  than  a  small  one" — "gives  renewed 
currency  to  an  exploded  fallacy."  The  statement  of  the  committee 
is  certainly  a  fact,  and  if,  as  Mr.  Herschel  says,  it  is  an  "  exploded 
fallacy,"  it  is,  we  presume,  so  much  the  worse  for  the  fact.  If 
the  remainder  of  the  committee's  remarks  upon  this  subject  are 
examined,  it  will  be  seen  that  it  draws  no  unwarrantable  conclu- 
sions from  the  above  guarded  statement. 
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In  regard  to  the  question  of  favoritism  to  manufacturers, 
which  Mr.  Herschel  raises,  that  is  the  very  thing  that  the  propo- 
sition of  the  committee  avoids,  oi-  at  least  seeks  to  avoid.  A 
shding  scale  may  or  may  not  be  favoritism,  but  a  plan  to  make 
all  consumers,  or  property  ownei's.  i)ay  their  proportional  part 
(however  it  may  be  ascertained)  of  the  charges  due  to  "  standing 
ready,"  and  then  pay  a  uniform  sum  per  unit  for  water  actually 
used,  is  as  far  removed  from  favoritism  as  any  plan  can  well  be. 
It  is  not  specially  in  the  interest  of  manufacturers  that  the  plan 
is  proposed,  but  in  the  interest  of  the  water  department,  which 
will  surely  be  benefited  by  a  method  of  supplying  water  equitably 
to  large  and  small  consumers.  It  is  undoubtedly  to  the  advan- 
tage of  the  community  as  a  whole  that  both  domestic  and  Ijusiness 
consumers  should  have  all  the  water  of  which  they  can  make  a 
legitimate  and  profitable  use,  as  well  as  that  all  waste  should  be 
stopped. 

The  committee  has  referred  in  its  report  to  the  difficulties  in 
the  way  of  adjustment  of  the  revenue  attendant  in  many  places 
upon  a  strictly  metered  rate  without  a  minimum  charge  of  some 
kind,  a  subject  which  ]\Ir.  Herschel  altogether  ignores,  a72d  one 
which  must  be  considered.  He  lays  great  stress  upon  the  equitable 
method  of  charging,  and  says  that  to  him  there  is  but  one  simple 
way,  —  "  to  charge  by  the  quantity  used  or  wasted  that  is  con- 
sumed on  the  premises."  Is  it  equitable  that  a  house  that  occu- 
pies a  large  lot  of  land,  with  plumbing  fixtures  for  a  luxurious  use 
of  water,  and  occupied  by  a  small  family,  should  pay  a  very  small 
sum,  simply  because  it  uses  little  water,  while  the  cost  of  the 
entire  system  is  increased  by  the  length  and  size  of  pipe  and  other 
elements  of  construction,  necessary  to  "  stand  read}^  "  to  supplj^ 
such  a  house?  Is  it  not  more  equitable  that  a  sum  should  be  paid 
to  meet  the  fixed  charges  on  the  construction,  whether  a  large  or 
small  amount  of  water  is  used?  On  the  other  hand,  if  a  house  is 
on  a  small  lot.  and  has  but  one  faucet,  why  should  not  the  sum 
for  fixed  charges  be  paid,  and  in  addition  a  sum  for  a  large  amount 
of  water  (used  only  through  one  faucet  and  consequently  at  a 
slow  rate  and  not  requiring  large  street  piping,  etc.)  at  a  rate 
representing  the  actual  cost  of  collecting  and  delivering  the  water, 
exclusive  of  fixed  charges?     It  mav  be  said  that  this  is  a  different 
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method  from  that  used  in  selHng  gas  and  electricity.  This  is 
true,  but  it  does  not  differ  more  than  the  conditions.  Fixed 
charges  do  not  constitute  so  important  an  item  in  the  hitter  cases. 
The  cost  of  the  phmt  is  not  so  hirgc  in  proportion  to  the  value 
of  the  product.  Labor  and  material  enter  into  the  cost  of  gas 
and  electricity  to  a  larger  extent  than  into  the  cost  of  water,  the 
actual  cost  of  which  is  usually  very  small;  the  items  of  coal  and 
salaries  being  almost  the  only  items  that  vary  with  the  amount  of 
water  used,  assuming  that  the  plant  is  of  sufficient  size.  The  size 
of  the  piping  is  dependent  more  upon  the  need  of  fire  service  than 
upon  the  consumption  of  M'ater,  esjiecialh'  in  the  smaller  places. 

Electric  and  gas  companies  do,  however,  often  make  a  minimum 
charge.  This  charge  in  some  places  is  one  dollar  per  month, 
which  must  be  paid  if  no  lamp  is  lighted. 

The  committee  feel  that  an  insistence  upon  the  principle  that 
all  charges  for  water  must  be  strictly  upon  the  amount  used  will 
do  more  to  prevent  the  use  of  meters  than  any  other  one  thing, 
and  that  a  minimum,  or  a  separate,  rate  to  meet  fixed  charges 
is  an  absolute  necessity  of  a  meter  system  in  most  places. 

Mr.  Hazen  put  the  argument  of  the  committee  in  a  very 
effective  form  in  the  early  part  of  his  discussion.  The  Cleveland 
plan,  as  described  by  Mr.  Bemis,  is  practically  the  same  as  the 
committee's  plan  for  a  "  multiple  minimum  "  method,  but  worked 
out  on  a  different  basis  than  the  ]\Ierrimac  rates,  which  were  given 
in  the  report  as  an  example  of  the  method  in  actual  use,  and 
which  were  designed  about  the  time  the  Cleveland  plan  w^as 
adopted.  The  fact  that  the  origins  of  these  essentially  similar 
plans  were  entirely  independent  suggests  that  there  may  be 
merit  in  this  method  for  meeting  certain  prevailing  conditions. 

The  committee,  after  carefully  considering  the  discussion,  is 
still  of  the  opinion  that  it  is  in  most  cases  absolutely  necessary 
to  have  a  minimum  in  some  form,  or  to  have  a  rate  composed  of 
two  elements;  one  of  which  represents  the  fixed  charges  of  the 
system,  or  the  fair  cost  of  "  standing  ready,"  and  which  must  be 
paid  independently  of  the  amount  of  water  used;  and  the  other, 
for  the  water  used  or  wasted. 

It  also  feels  that  it  is  unessential  upon  what  basis  the  rate  for 
fixed  charges  is  determined,   so   that  it  is  independent  of  the 
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amount  of  water  used,  and  approximately  represents  the  com- 
parative benefit  that  is  rendered  to  any  particular  ])iece  of  prop- 
erty. It  may  be,  as  suggested  in  the  report,  upon  frontage,  which 
seems  a  fair  and  available  measure,  or  it  may  be  upon  the  assessed 
value  of  the  property. 

The  committee  fully  recognizes  the  unsatisfactory  condition  in 
which  the  fire  service  question  stands  in  respect  to  the  amount 
which  shall  be  paid  for  it,  and  makes  the  following  suggestion, 
which  it  believes  could  be  adopted  by  either  a  municipality  or 
private  water  company  (except  that  vacant  land  and  unserved 
houses  could  not  be  assessed  by  the  latter),  and  that  it  would  be 
an  equitable  and  feasible  solution  of  the  cjuestion  of  the  charge 
for  fire  protection. 

Make  no  charge  to  the  city,  or  appropriation  from  the  tax  levy, 
for  fire  protection,  but  collect  from  all  property  upon  the  pipe 
line  (with  the  above  exception)  a  sum  representing  the  fixed 
charges  of  the  system  based  upon  the  assessed  value  of  the  propei'ty 
as  taken  from  the  assessors'  books.  This  sum  may  amount  to 
approximately  one  half  of  the  total  annual  expenses  of  the  water 
works,  including  interest  and  sinking  fund.  The  remainder  of 
the  annual  expenses  will  be  collected  for  the  use  of  water,  and 
strictly  in  accordance  with  the  amount  used.  The  result  of  this 
will  be  that  all  property  on  the  pipe  lines  will  pay  for  fire  protec- 
tion, as  it  should,  and  no  property  off  the  i^ipe  lines  will  make 
any  such  payment.  Vacant  land  and  houses  not  taking  water 
will  pay  in  proportion  to  their  value,  as  the}'  should,  for  the  benefit 
received  on  account  of  the  existence  of  the  line  and  the  consequent 
enhanced  value.  It  is  probable  that  this  class  of  propert}^  must 
be  omitted  from  the  assessment  in  the  case  of  water  com- 
panies. 

This  plan  will  provide  that  the  cost  of  fire  service  be  paid  by 
property  that  is  benefited;  that  the  water  shall  be  paid  for  in 
proportion  to  the  quantity  used;  will  allow,  if  desirable,  that  the 
unit  price  of  water  shall  be  uniform  to  large  and  small  users;  that 
an  intelligent  estimate  of  the  relation  of  revenue  to  expense  can 
be  made,  and  that  there  will  be  no  serious  excess  or  deficit  under 
the  existing  rates,  and  without  making  any  increase  in  general 
taxation  for  city  purposes.     It  will  be  practically  the  assessment 
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method  of  the  c-ommittee's  report,  except  that  it  substitutes 
assessed  values  for  frontage  and  eliminates  the  question  of  raising 
funds  for  fire  purposes  by  the  ordinary  tax  levy;  it  provides  that 
property  shall  pay  for  the  benefit  it  receives,  and  that  consumers 
shall  pay  the  cost  of  what  they  receive.  It  recognizes  the  fact  that 
property  owners  and  water  consumers  are  not  identical,  and  may 
or  may  not  be  the  same  persons;  and  the  committee  suggests  it 
as  an  alternative  method  with  some  advantages  that  the  frontage 
plan  does  not  have.  This  method  also  meets  a  freciuent  and  valid 
objection  that  is  raised  by  that  part  of  the  population  of  towns 
outside  of  the  district  actually  served  by  the  water  supply,  namely, 
against  being  taxed  for  improvements  in  which  they  do  not  share. 
It  would  obviate  the  necessity  of  forming  a  fire  district  inside  of 
the  town  itself,  w^hich  has  been  done  in  so  many  instances  in  order 
to  avoid  the  opposition  of  outside  taxpayers  to  the  installation  of 
needed  water  supph^  systems. 

As  an  example  of  the  working  of  such  a  system,  suppose  a 
house  with  modern  plumbing,  paying  under  fixture  rates  $20  per 
annum,  has  an  assessed  valuation  of  $5  000  for  house  and  lot. 
Assume  that  a  general  change  to  meter  rates  is  contemplated,  as 
a  check  to  waste  of  water  (the  only  real  object  of  the  use  of  meters), 
and  that  it  is  important  that  there  shall  be  no  reduction  in  the 
revenue  received.  Assume  also  that  it  is  found,  after  investiga- 
tion, that  in  this  place,  one  half  of  the  annual  expense,  including 
interest  and  sinking  fund  charges,  is  due  to  the  element  of 
"  standing  ready  "  and  for  fire  protection.  Then  $10  should  be 
raised  by  a  sum  computed  on  the  assessed  value  of  the  property. 
In  this  case  the  rate  would  be  two  tenths  of  one  per  cent.,  or  $2 
on  a  thousand  of  the  assessed  valuation,  which,  of  course,  would 
be  the  rate  for  all  of  the  property  in  this  place. 

The  remainder  of  the  sum  that  this  property  should  pay  for 
water  service,  or  $10  per  year,  would  be  raised  by  meter  rates  on 
the  water  actually  used  or  wasted  and  at  a  rate  approximately 
one  half  as  great  as  rates  that  would  meet  the  entire  expen-e. 
The  house  in  the  above  example,  although  having  all  of  the  ad- 
vantages of  modern  water  service,  might  under  the  ordinary 
meter  rates,  with  no  minimum  charge,  by  a  prudent  use  of  water, 
pay  not  more  than  $7  or  $8  per  annum,  which  would  reduce  the 
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revenue  of  the  works  and  not  be  a  fair  equivalent  for  the  service 
it  receives. 

A  less  valuable  house  would  not  ])ay  so  much  for  the  "  standing 
ready  "  element  and  fire  protection,  but  would  pay  for  all  of  the 
water  that  it  used. 

In  closing  its  report  at  this  time,  the  committee  wishes  to  repeat 
that  it  still  considers  its  suggestions  as  suggestions  only,  but  that 
the  discussion  and  further  study  of  the  subject  emphasizes  its 
conviction  that,  in  general,  a  method  of  meter  rates,  to  be  satis- 
factory, must  include  some  charge  for  "  standing  ready  "  that  is 
entirely  independent  of  the  amount  of  water  used,  whether  the 
same  is  one  minimum,  several  minimum  charges,  or  an  assessment 
in  some  form. 

The  subject  is  still  open;  nmch  must  yet  be  learned  by  experi- 
ence. The  committee  hopes  discussion  will  go  on  and  further 
data  be  submitted  by  members  of  the  association  from  time  to 
time,  to  the  end  that  in  so  important  a  matter  the  present  uncer- 
tainty in  opinion  and  practice  may  give  place  to  some  definite 
principles  of  action. 

Freeman  ('.  Coffin, 
Frank  E.  .Merrill, 
C.  ^I.  Saville, 
H.  V.  Macks ey, 
Charles  F.  Knowlton, 

Committee. 
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A  HOMESPUN    DEVICE   FOR   RAISING   PIPE  IN  THE 

TRENCH. 

BY  JOSEPH  E.  REALS.  SUPERIXTEXDEXT  OF  WATER 
WORKS,   MIDDLEBORO,   MASS. 

[Read  September,  U,  t906.] 

When  making  some  suggestions  as  to  the  practical  side  of  our 
work  as  an  association,  the  cjuestion  was  asked  if  I  would  present 
a  paper  at  this  meeting.  In  an  unguarded  moment,  I  assented, 
and  hastily  gave  as  a  subject  that  named  in  the  program.  I 
propose  to  enlarge  upon  that  subject  somewhat,  and  give  some 
bits  of  experience  in  raising  and  in  lowering  pipe. 

In  presenting  this  paper  I  shall  make  no  pretension  to  literary 
merit,  but  propose  to  tell  as  plainly  as  I  can  how  I  accomplished 
some  things  on  which  I  had  no  jirevious  instruction  and  knew 
of  no  precedent  to  fellow. 

In  the  course  of  events  the  authorities  of  the  town  decided  to 
lower  some  four  or  five  hundred  feet  of  street  which  passed  over  a 
knoll.  The  new  grade  would  leave  our  pipe  dangerously  near  the 
surface,  and  we  decided  that  it  must  be  lowered.  The  problem  for 
us  was,  how  to  do  it  and  keep  the  supply  of  water  on  all  the  time. 
About  all  the  instruction  we  could  get  was  that  the  way  to  do  it. 
was  — to  do  it.  Following  the  line  of  the  pipe  we  dug  out  the  old 
trench  down  to  the  pipe,  digging  it  rather  wide,  and  then  dug  down 
beside  and  under  the  pij^e  to  the  depth  at  which  we  wished  the 
pipe  to  lie.  leaving  bridges  across  the  trench  under  the  pipe  just 
back  of  the  bell  ends,  on  which  the  pipe  rested  until  we  were  ready 
to  lower  it.  We  then  went  l)ack  and  forth  along  the  trench 
lowering  each  bridge  just  a  little,  and,  after  a  little  coaxing,  the 
pipe  just  lowered  itself.  For  want  of  any  better  knowledge  we  have 
since  lowered  another  section  in  the  same  way. 

At  another  time  our  town  authorities  had  decreed  that  a 
certain  section  of  street  across  a  valley  for  a  distance  of  some  four 
hundred  feet  should  be  raised.     As  this  would  put  our  pipe  to  an 
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undesirable  depth  wc  decided  that  the  l)ipe  should  he  I'aised.  The 
problem  with  us  was,  —  h6w  to  do  it.  And  it  is  our  solution 
of  the  problem  that  gives  the  title  to  this  paper.  Somebody  had 
presented  a  paper  before  this  association  describing  a  method  of 
raising  pipe  b}'  means  of  a  series  of  screws.  As  a  set  of  screws 
sufficient  to  do  the  work  would  co^t  more  than  the  pipe  was  worth, 
we  considered  that,  while  the  i)lan  was  an  elegant  one  from  an 
engineer's  standpoint,  it  would  be  cheaper  for  us  to  throw  the 
pipe  away  than  to  try  that  method.  We  then  planned  to  do  it  by 
putting  a  derrick  over  the  pipe  and  with  a  differential  chain 
pulley  raise  it  a  little  at  each  joint,  going  back  and  forth.  This 
was  too  slow.  The  men  did  not  feel  as  if  they  were  accomplish- 
ing anything.  We  had  some  men  in  our  gang  who  had  worked 
in  a  railroad  track  gang  and  knew  the  power  of  a  claw-bar.  We 
borro^ved  such  a  bar  and  railroad  tamping  iron.  We  took  two 
pieces  of  4  x  6  timber  some  six  or  seven  feet  long,  and  placing  them 
about  two  inches  apart,  nailed  a  piece  of  board  across  the  timbers 
on  the  upper  and  under  side  at  each  end.  We  had  a  short-linked 
log  or  timber  chain  on  the  job,  and  dropping  the  chain  down  be- 
tween the  timbers,  we  hooked  it  around  the  pipe  and,  bringing  it 
up  above  the  double  skid  and  engaging  the  claw  of  the  bar  across 
one  of  the  links  and  betw^een  two  others,  with  a  block  of  wood 
or  timber  across  the  skids  for  a  fulcrum,  we  obtained  a  strong, 
powerful  purchase,  and  as  the  long  end  of  the  bar  went  down  the 
pipe  came  up  with  an  ease  that  astonished  us.  Here,  then,  we 
had  an  apparatus  that  was  easy  to  handle,  quick  to  apply  and 
powerful  in  its  action.  Four  men  made  a  full  gang  to  raise  the 
pipe, —  one  man  in  the  trench  to  take  along  the  chain  and  hook 
it  around  the  pipe,  two  men  to  take  along  the  skids  and  be  ready 
with  their  shovels  to  fill  under  the  pipe  as  raised,  and  one  man  with 
the  claw-bar  and  block  of  wood  for  the  fulcrum.  In  this  way 
we  raised  some  three  or  four  hundred  feet  of  pipe,  some  of  it  as 
much  as  four  feet,  in  a  very  short  time.  I  should  have  said  that 
the  pipe  raised  and  lowered  was  six  inch.  In  both  cases  we  had 
our  calking  tools  ready,  and  if  the  joints  showed  signs  of  weeping 
or  spurting  a  few  strokes  of  the  hammer  would  stop  it,  and  when 
the  pipe  was  raised  or  lowered  to  its  position  every  joint  was  in- 
spected and  driven  up  as  needed  before  covering. 
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We  were  a  little  afraid  that  when  the  pipe  was  changed  from 
a  curved  line  to  a  straight  line  the  joints  would  l)e  inclined  to 
buckle,  and  dug  the  trench  rather  wide  so  that  if  necessary  the 
vertical  curve  could  be  changed  to  a  lateral  curve,  but  we  found 
in  each  instance  that  the  pipe  settled  into  a  first-rate  straight  line. 

There  was  one  hydrant  on  the  line  of  pipe  raised.  This  we 
raised  by  placing  our  derrick  over  it  and,  with  a  chain  pulley, 
raising  it  as  Ave  raised  the  pipe.  We  raised  it  about  three  feet, 
keeping  it   ready  for  service  all  the  time. 

The  pipe  came  up  so  easily  and  settled  so  finely  into  its  new 
position,  that  we  felt  that  we  had  found  a  simple  method  to  do  a 
difficult  job  and  that  the  experience  might  be  worth  the  telling. 
If  the  idea  is  new  the  credit  for  it  is  due  to  the  man  in  the  trench. 

If  this  paper  shall  draw  out  some  one  who  has  done  the  same 
thing  or  something  better,  or  if  it  shall  call  out  any  questions,  one 
of  my  objects  in  presenting  it  will  be  accomplished. 
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EXPERIENCES  IN  INTRODUCING  CO^IPULSORY 
METERAGE,  AND  RESULTS  OBTAINED  BY  :\IETER- 
ING  ALL  SUPPLIES  IN  THE  TOWN  OF  BROOKLINE, 
MASSACHUSETTS. 

BY   F.   F.   FORBES,  SUPERINTENDENT  OF  WATER  WORKS, 
BROOKLINE,  MASS. 
[Read  September  H,  1906.] 

The  title  of  this  paper  is  somewhat  misleading,  for,  as  you  all 
probably  know,  Brookline  is  a  town,  working  under  a  town  form 
of  government,  although  it  has  a  population  of  about  twenty-five 
thousand  to-day,  and  a  valuation  exceeding  $93  000  000;  con- 
sequently, all  acts  of  the  town  must  be  made  in  open  town  meeting 
in  which  every  legal  voter  can  take  part,  and  the  majority  vote 
must  prevail. 

I  think  that  it  reflects  great  credit  on  the  intelligence  and  public 
spirit  of  the  citizens,  to  vote  as  they  did  almost  unanimously  in 
favor  of  metering  all  supplies,  both  pul)lic  and  private,  as  recom- 
mended by  a  committee  appointed  by  the  town  to  look  into  and 
report  on  this  matter. 

On  December  28,  1904, —  at  the  time  the  vote  for  a  universal 
meter  system  was  adopted, —  about  2  225  meters  were  in  use, 
metering  more  than  half  of  the  supplies.  At  the  end  of  July,  1905, 
every  service  not  shut  off,  whether  public  or  private,  was  supplied 
with  a  meter,  and  the  number  of  meters,  including  elevator  coun- 
ters, had  increased  to  3  893. 

Very  little  opposition  was  made  by  the  water  takers  to  the 
installation  of  meters  on  their  premises.  As  might  be  expected, 
some  feared  that  the  water  rates  would  be  much  increased,  and 
that  they  would  lose  the  feeling  of  freedom  in  the  use  of  water 
which  they  had  formerly  enjoyed.  I  think  there  was  one  case 
only,  where  the  owner  positively  refused  to  have  a  meter  set  on  the 
premises,  and  in  fact  the  whole  work  went  along  more  smoothly 
and  with  less  opposition  than  was  expected. 

The  introduction  of  meters  resulted  in  causing  a  great   deal 
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of  poor  plumbing  to  be  overhauled  or  torn  out  completely,  and 
replaced  by  more  modern  and  better  fixtures.  The  results  to  the 
town  have  been  most  satisfactory.  Considerably  less  water  has 
been  pumped  and  the  revenue  has  not  been  decreased,  although 
the  books  show  about  $2  000  less  collected  for  the  year  ending 
Februar}'  1,  1906,  than  for  the  preceding  year;  but  this  difference 
is  fully  explained  by  the  fact  that  meter  rates  are  not  due  until 
the  water  has  been  used,  whereas  fixture  rates  were  payable  in 
advance.     Brookline  sends  no  ])ills  until  the  water  has  been  used. 

The  town  was  so  well  pleased  with  the  results  of  the  universal 
meter  system,  that  the  price  of  metered  water  was  reduced  from 
fifteen  cents  per  hundred  cubic  feet  to  twelve  cents  for  the  same 
amount,  a  reduction  of  twenty  per  cent. 

The  table  which  follows  shows  the  effect  meters  have  had  in 
controlling  the  consumption  of  water,  and  leakage  through  faulty 
fixtures. 


Amount  of  water  passing  from  the 

Year. 

Population. 

Consumption  for 
First  7  months. 

reservoir   for    24    hours    calculated 
from  the  rate  of  How  between  the 
hours  of  12  and  4  a.m.  for  month  of 
August. 

Gallons. 

Gallons. 

1897 

17  000 

289  084  197 

517  256 

1898 

17.500 

326  275  813 

587  780 

1899 

19  000 

392  478  7.58 

.592  178 

1900 

21  .500 

418  195  744 

691  012 

1901 

22  000 

410  635  002 

688  625 

1902 

22  500 

422  0.59  769 

644' 164 

1903 

23  000 

457  636  465 

724  334 

1904 

23  500 

.507  4.38  066 

858  831 

190.5 

24  000 

513  504  018 

617  535 

1906 

24  500 

425  864  505 

562  992 

It  will  be  seen  from  the  above  table  that  the  average  amount  of 
water  leaving  the  reservoir  between  12  and  4  \.m.,  for  the  month 
of  August,  1906,  with  a  population  of  25  000,  was  less  than 
the  amount  during  August,  1898.  with  a  population  of  17  500. 
No  leaks  of  any  account  have  been  found  in  any  part  of  the  dis- 
tribution, and  this  smaller  waste  is  due  to  the  better  care  which 
has  been  taken  of  the  water  fixtures,  and  the  controlling  of  un- 
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necessary  use;  by  unnecessary,  I  mean  the  water  which  was 
allowed  to  run  in  ^\•inter  to  prevent  freezing,  and  in  summer  to 
cool  milk  and  other  articles  of  diet. 

The  greatest  trouble  with  excessive  water  bills  occurred  in 
tenement  houses  of  the  poorer  class,  where  one  meter  often  su]> 
plied  four  or  more  families.  The  tenants  perhaps  failed  to 
prom])tly  notify  the  landlord  of  leaks,  or  were  themselves  ignorant 
of  any  defects  in  the  plumbing.  It  often  happened  that  owners  of 
property  were  non-residents,  and  consequently  not  easy  to  reach. 
The  bills  in  some  cases  were  several  times  the  regular  fixture 
charges.  I  am  glad  to  say,  however,  that  these  large  bills  are  grow- 
ing less  in  number. 

From  a  careful  study  on  the  part  of  the  writer,  it  is  very 
evident  that  the  people  of  Brookline  can  use  all  the  water  that 
modern  sanitary  practice  rec[uires  without  stint,  and  not  have 
bills  in  excess  of  the  regular  fixture  charges,  provided  that 
the  plumbing  is  kept  in  order  and  the  water  not  allowed  to  run 
except  for  legitimate  use.  So  far,  no  evidence  has  been  found 
that  the  sewers  and  drains  are  not  as  clean  as  they  were  before 
the  introduction  of  meters. 

Some  of  the  details  of  setting  meters  are  as   follows: 

All  the  meters  for  drinking  fountains  are  placed  in  boxes  in  the 
ground. 

A  good  deal  of  time  was  given  to  the  study  of  the  best  way  of 
metering  the  water-cart  hydrants.  It  was  not  considered  safe  to 
place  the  meters  on  the  water-cart  hydrants,  as  street  watering 
in  Brookline  is  continued  long  after  freezing  weather  sets  in.  The 
plan  adopted  was  to  set  a  two-inch  Gem  meter,  which  is  sure  to 
drain,  in  a  special  cast-iron  box,  twenty  inches  in  diameter  and 
thirty  inches  deep,  placed  in  the  sidewalk  near  to  the  post.  The 
meters  can  be  easily  read,  and  removed  for  test  and  repairs. 

A  larger  part  of  the  house  meters  were  set  in  cellars,  and  boxed 
where  in  danger  of  freezing.  All  meters  are  so  set  that  they  are 
easily  interchangeable  with  any  other  make  of  the  same  size. 
The  cost  of  setting  meters  varied  in  different  houses,  but,  as  a 
general  thing,  a  man  and  helper  set  from  eight  to  ten  meters 
per  day. 

A  few  words  in  relation  to  the  maintenance  and  care  of  meters: 
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Our  experience  shows  that  it  costs  less  to  read  and  cliange  meters 
than  it  did  to  inspect  the  water  fixtures  and  see  that  the  regula- 
tions governing  the  use  of  hose,  etc.,  were  properly  observed.  It 
is  our  custom  to  so  plan  our  work  that  the  reading  can  be  done 
by  our  regular  men.  It  has  always  been  our  policy  to  keep  the 
meters  in  good  repair  so  that  they  shall  measure  the  water  ac- 
curately as  long  as  they  are  in  service.  We  do  not  wait  for  a 
meter  to  break  down  or  wear  out.  Once  each  year  we  look  over 
the  record  of  all  meters  carefully,  and  if  there  is  any  indication  or 
even  a  suspicion  that  the  meter  is  registering  less  than  it  should, 
it  is  taken  out  and  tested,  and  repaired  if  necessary.  When  a 
•|-inch  meter  has  registered  one  hundred  thousand  cubic  feet,  it  is 
removed  and  thoroughly  repaired,  even  though  it  appears  to  be  in 
good  condition. 

We  believe  that  it  is  better  for  a  town  or  city  to  keep  the  meters 
in  the  highest  state  of  accuracy  for  two  reasons;  first,  the  revenue 
will  be  larger,  and,  second,  there  will  be  less  trouble  in  the  collection 
of  the  bills.  It  is  a  fact,  strange  as  it  may  seem,  that  the  water 
taker  will  always  consider  the  smallest  bill  received  as  the  correct 
one,  and  consequently,  if  a  bill  becomes  small  ownng  to  a  failure 
of  the  meter  to  measure  all  the  water  passing  through  it,  it  will 
form  the  basis  of  comparison  with  the  bills  w'hich  follow  and 
which  justly  charge  for  the  quantity  of  water  used,  and  no  amount 
of  explanation  will  quite  convince  the  taker  that  he  is  not  paying 
more  than  he  should. 

The  per  capita  rate  of  Brookline  is  large,  owing  to  the  great 
amount  of  water  used  on  several  large  estates  where  compara- 
tively few  people  live,  and  by  the  town  in  its  various  public 
buildings,  and  for  watering  streets.  The  per  cent,  of  metered 
water  used  by  the  town  for  the  last  six  months  of  1905  amounted 
to  20.7  per  cent.,  or  fifteen  gallons  per  capita  for  a  population  of 
25  000.  During  the  above  period  of  time  the  meters  accounted 
for  all  except  14  per  cent,  of  the  water  pumped. 

Tables  which  are  annexed  were  taken  from  the  report  of  the 
Water  Board  for  the  year  ending  January  31,  1906,  and  show  in 
detail  the  amount  of  water  ])umped  and  consumed  in  connection 
with  the  public  and  private  service  foi'  the  six  months  from  June 
15  to  December  15,  1905: 
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Summary  of  Water  Recorded  by  Meter  from  June  15,  190.5,  to  Decem- 
ber 1,  1905,  AND  Water  Pumped  during  the  Same  Time. 

Total   iiunil)er   of   fialloiis   of   water    rccortlcd    l)y    meters 

in  private  buiUHiigs 247  610  902 

Total   iiunibor   of   gallons   of   water   recorded    by    meters 

in  public  buildings  and  in  public  places 59  945  250 

Water  used  for  flushing  sewers,  mains  and  hydrants; 
used  at  fires,  by  steam  rollers,  for  puddling  trenches 
of  the  sewer  department,  water  department,  Tele- 
phone Company,  and  flooduig  playground 5  062  500 

Total 312  61S652 

Total  water  pumped  during  this  time 363  666  737 

Water  not  accounted  for 51  048  085 

Per  cent,  not  accounted  for • 14.0 

Per  cent,  of  metered  water  used  by  tlie  town 20.7 

Per  cent,  of  metered  water  used  l)y  private  consumers 79.3 

Detail  of  Water  Used  by  the  Town. 

(lallons. 

Bath  house 1 0  066  500 

Miscellaneous  public  Iniildings 1  Oil  000 

Fire  Department  building 604  500 

Public  schools 5  623  750 

Street  Department 146  250     • 

Water  Department 5  527  500 

Drinking  fountains 4  120  500 

Watering  .streets 32  840  250 

Flushing  sewers,   mains,  hydrants,  fires,  steam   rollers, 

puddling  trenches,  and  flooding  playgrounds  ....  5  062  500 

Total 65  002  750 
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WATER  SUPPLY  PROBLEMS  ON  THE  ISTHMUS. 

BY  CARI.KTOX  E.   DAVIS,  DEPARTMENT  ENGINEER.  BOARD  OF  WATER 
SUPPLY.  CITY  OF  NEW  YORK. 

[Read  September  12,  1906.] 

Among  the  assets  of  the  French  Panama  Canal  Com])any  which 
were  turned  over  to  the  United  States  for  the  $40  000  000  purchase 
price  of  all  rights  and  properties,  were  about  2  500  buildings  of 
one  kind  or  another.  These  were  clustered  in  camps  along  the 
entire  line  of  the  canal,  from  La  Boca  at  the  Pacific  end  to  Cris- 
tobal at  the  Atlantic  end. 

The  French  showed  good  judgment  in  locating  these  camps. 
High  ground  was  selected  if  possible,  where  natural  drainage  was 
good,  and  where  the  refreshing  winds  that  prevail  through  a  large 
part  of  the  year  would  have  free  play.  No  finer  location  could 
be  found  than  that  of  Ancon  Hospital  on  the  side  of  the  hill  over- 
looking the  city  and  Bay  of  Panama;  while  Cristobal,  with  its 
avenues  of  palm-trees,  and  the  surf  from  the  Caribbean,  has  a 
wonderful  charm. 

All  the  larger  camps  had  more  or  less  of  a  water  supply.  The 
more  important  houses  had  shower  baths  attached;  the  Ferdinand 
de  Lesseps  house  at  Bas  Obispo  had  a  swimming  pool  annexed; 
Ancon  Hospital,  and  the  Charles  de  Lesseps  house  at  Cristobal, 
had  bath  tubs  and  water-closets.  But  all  plumbing  work  was 
rather  crude  and  clumsy  according  to  our  present  ideas,  and  the 
general  run  of  the  houses  were  supplied  with  water  from  outside 
hydrants  only. 

The  amount  of  water  furnished  was  small.  In  some  cases 
a  gravity  supply  from  springs  was  obtained,  but  in  general,  water 
was  pumped  from  the  nearest  brook  or  river. 

These  water  works  were  installed  in  the  larger  camps;  but 
every  camp,  great  and  small,  and  every  building,  whether  house, 
storehouse,  or  shop,  had  tanks  for  collecting  rain  water  from  the 
roof,  and  every  tank  was  a  mosquito  breeder. 
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f'iG.  1.     Typical  Sthkkt  in  Panama. 


Fui.  -1.     Santa   Ana   I'la/a.   Panama. 
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Plans  of  the  various  camps  existed  and  were  turned  over  to  the 
Canal  Commission  with  the  rest  of  the  Fi'ench  pi-operty.  The 
water  works  were  shown  on  these  plans  with  a  fair  degree  of 
accuracy. 

Not  much  of  the  French  ]3roperty  was  of  any  permanent  value. 
The  machinery  was  obsolete.  The  Iniildings  had  been  eaten  uj) 
by  ants  and  rot,  and  had  to  be  pi'actically  rebuilt;  and  the  water 
works  could,  at  the  best,  be  patched  up  for  temporary  use  only. 

The  French  record  of  mortality  at  Panama  is  well  known.  The 
Americans  have  found  the  Isthmus  a  reasonably  healthy  place. 
This  change  is  due  to  the  advance  in  the  knowledge  of  tropical 
medicine,  and  to  the  full  control  which  the  United  States  has 
obtained  through  its  treaty  with  Panama. 

The  French  were  handicapped.  Even  if  they  had  had  the 
knowledge  of  the  causes  and  means  of  prevention  of  malaria  and 
yellow  fever  which  science  possesses  to-day,  they  would  have 
lacked  the  power  to  enforce  proper  precautions.  Their  concession 
gaA'e  them  no  police  authority,  and  even  in  the  United  States 
it  appears  that  health  regulations  must  sometimes  be  backed  up 
by  physical  force  in  order  to  be  effective. 

The  treaty  between  the  United  States  and  Panama  gives  the 
former  full  sovereignty  over  the  Canal  Zone,  a  strip  extending  five 
miles  each  side  of  the  canal,  excepting  the  cities  of  Panama  and 
Colon;  and  in  these  cities,  while  sovereignty  is  reserved,  the 
United  States  is  given  control  of  quai-antine  and  health  matters. 
The  treaty  further  provides  that  the  United  States  shall  install 
water  and  sewerage  systems  in  Panama  and  Colon,  and  stipulates 
that  water  and  sewer  rates  shall  be  collected  sufficient  for  the 
amortization  of  their  cost,  principal  and  interest,  in  fifty  years. 

Panama  City,  when  the  United  States  took  over  the  canal,  had 
from  15  000  to  20  000  inhabitants.  The  buildings  varied  from 
the  rather  imposing  cathedrals  down  to  little  8  x  10  shacks  and 
palm-leaf  huts.  The  streets  were  narrow,  though  fairly  well 
laid  out,  on  an  approximately  rectangular  system.  The  principal 
streets  were  poorly  paved  with  small,  round  cobbles.  There  was 
an  electric-light  plant,  and  a  ten-ton  ice  plant,  both  of  which  were 
in  operation  at  intervals.  There  had  been  an  electric  railroad 
and  a  gas  works.     There  were  a  few  drains,  some  of  them  very 
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old.  but  the  city  hud  never  had  a  ])u])h('  water  supply.  The  in- 
habitants depended  entirely  upon  lain  water  collected  in  tanks 
and  cisterns,  and  upon  a  few  wells  on  the  outskirts  of  the  town. 
"Water  was  sold  from  house  to  house  at  one  cent  gold  per  gallon.  At 
the  height  of  the  dry  season,  when  cisterns  and  tanks  were  ex- 
hausted and  the  wells  were  low,  considerable  actual  suffering  for 
lack  of  water  frequently  occurred  among  the  poorer  classes. 

Colon,  a  city  of  7  000  or  8  000  inhabitants,  was  formerly  called 
Aspinwall,  but  its  reputation  for  health  was  so  bad  that  its  name 
was  changed.  It  was  the  Atlantic  terminus  of  the  Panama 
railroad,  and  except  for  this  it  had  no  particular  reason  for  exist- 
ence. The  island  of  Manzanillo,  on  which  it  was  built,  was  only 
a  foot  or  two  above  sea  level,  and  at  high  tide  all  the  back  streets 
were  more  or  less  flooded.  The  general  aspect  of  the  place  was 
anything  but  prepossessing,  although  some  of  the  railroad  Iniild- 
ings  on  the  water  front  were  very  attractive. 

The  Panama  railroad  had  at  Colon  a  water  supply  of  60  000 
to  70  000  gallons  per  day  capacity,  collected  from  a  small  water- 
shed at  Monkey  Hill.  This  was  sufficient,  however,  only  for 
the  needs  of  the  railroad  and  steamshijjs.  The  general  population 
of  the  city  depended  upon  rain  water,  as  at  Panama. 

The  interest  of  the  Canal  Commission  in  the  condition  of  these 
two  cities  of  Panama  and  Colon  was  vital.  The  two  chief  diseases 
with  which  the  French  had  to  contend  were  yellow  fever  and 
malaria,  Ijoth  of  which  are  transmitted  chiefly,  if  not  wholly,  by 
the  bite  of  infected  mosquitoes.  Eliminate  these  mosquitoes, 
and  yellow  fever  and  malaria  will   disappear. 

The  stegomyia,  or  yellow  fever  mosquito,  breeds  principally 
in  clear  water,  and  finds  ideal  conditions  in  tanks,  cisterns,  gutters, 
etc.     The  anopheles,  or  malarial  mosquito,  prefers  swampy  water. 

The  city  of  Panama  was  feared  as  the  yellow  fever  center  and 
the  point  from  which  cases  would  spread  along  the  Zone.  Not 
many  cases  existed  when  the  Americans  first  went  there,  for  the 
reason  that  the  population  had  become  largely  immune.  There 
were  enough  non-immunes,  however,  coming  in  from  time  to 
time,  to  keep  up  the  succession  of  infected  mosquitoes,  and  a  case 
of  yellow  fever  was  imported  every  little  while  from  Guayaquil  or 
some  other  South  American  port.     With  the  advent  to  the  city 
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Fig.  1.     Ancox  Hospital, 


Fig.  2.     Pai.m  Avkm  k,  Cristobal. 
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of  large  numbers  of  non-immune  Americans,  canul  employees  and 
others,  there  was  nothing  to  prevent  a  most  serious  outbreak  of 
yellow  fever,  unless  the  mosquitoes  could  be  suppressed. 

And  conditions  in  Panama  were  particularly  favorable  for  the 
breeding  of  the  stegomyia.  With  water  at  one  cent  a  gallon,  the 
Panamanian  looked  on  the  water  man  as  his  enemy  and  a  rain 
storm  as  a  blessing.  Naturally,  every  receptacle  a  family  possessed 
would  be  filled  with  rain  water  at  each  storm.  This  water  was 
carefully  saved  for  use,  meanwhile  serving  the  mosquitoes'  wants 
admirably.  Regular  tanks  and  cisterns  could  be  screened  to  a 
certain  extent;  but  no  inspection,  however  rigid,  could  stop  this 
practice  of  a  whole  city,  until  there  should  be  a  public  supply, 
making  it  easier  to  get  fresh  water  for  each  domestic  need  than  to 
store  it. 

The  same  reasons,  though  perhai:)s  in  a  less  degree,  made  it 
necessary  to  abolish  all  rain-water  receptacles  along  the  line  of 
the  canal  and  at  Colon.  Panama,  from  its  large  population  and 
close  commercial  intercourse  with  South  American  ports,  was 
looked  upon  as  the  most  probable  origmator  and  distributor  of 
yellow  fever.  But  even  if  cases  should  occur  there  and  get  out 
along  the  line,  the  fever  could  not  spread  if  the  stegomyia  had 
been  destroyed. 

Water  supplies,  then,  over  the  entire  isthmus  were  very  essen- 
tial from  their  indirect  relation  to  the  extermination  of  the  stego- 
myia and  yellow  fever,  in  addition  to  the  usual  necessity  existing 
for  an  uncontaminated  supply  for  the  thousands  of  canal  en> 
ployees  that  would  be  required.  In  the  tropics,  moreover,  liberal 
facilities  for  bathing  should  be  looked  upon  as  a  good  investment 
from  a  business  stand^Doint  alone. 

.  Water  w^ould  be  needed  also  for  mechanical  purposes  as  well 
as  for  domestic  uses,  for  steam  shovels,  locomotives,  and  drills,  and 
for  fire  protection. 

The  necessity  of  these  water  supplies  as  an  important  feature 
of  the  general  sanitary  improvement  of  the  isthmus  was  recog- 
nized from  the  outset  by  those  in  authority,  and  they  were  pro- 
vided for  in  the  treaty  with  Panama  as  mentioned  above.  The 
Isthmian  Canal  Commission  made  them  one  of  the  matters  of 
first  consideration  upon  their  taking  over  the  work  from  the  French. 
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The  French  company,  pending  the  sale  and  transfer  of  their 
property,  had  not  stopped  work;  though  they  had  continued  it 
with  an  organization  and  force  only  sufficient  to  prevent  the 
lapsing  of  their  concession.  The  transfer  was  made  from  the 
French  to  ]\hijor  Black  of  the  Army  Engineers,  representing  the 
United  States,  and  the  old  canal  organization  was  carried  on  by 
Major  Black  until  the  chief  engineer,  Mr.  Wallace,  and  the  chief 
sanitary  officer,  Colonel  Gorgas,  reached  the  isthmus,  the  latter 
part  of  June,  1904.  The  engineers  in  charge  of  water  works  and 
sewers,  under  the  direction  of  the  writer,  reached  Panama  three 
weeks  later. 

The  Isthmus  of  Panama,  like  all  Central  American  countries,  is 
of  volcanic  origin.  At  the  line  of  the  canal  it  is  about  fifty  miles 
wide  from  ocean  to  ocean.  Along  the  Atlantic  coast  there  is  a 
margin  ten  or  fifteen  miles  wide  not  greatly  a])0ve  the  sea  level, 
but  in  general  the  country  is  hilly,  the  divide  lying  about  ten 
miles  from  the  Pacific  coast,  and  reaching  a  height  of  six  hundred 
or  seven  hundred  feet.  Large  masses  of  basalt  are  found,  in  addi- 
tion to  softer  varieties  of  rock.     Clay  is  the  predominant  earth. 

Rainfall  varies  from  sixty  inches  on  the  Pacific  coast  to  one  hun- 
dred and  thirty  inches  on  the  Atlantic  coast,  being  about  ninety 
inches  at  Culebra  on  the  divide.  The  year  is  divided  into  wet  and 
dry  seasons.  As  a  rule,  the  former  begins  in  the  month  of  ^lay 
and  continues  till  December,  when  the  dry  season  sets  in  and  lasts 
practically  without  rainfall  for  four  or  five  months. 

Streams  are  numerous.  As  might  be  expected  from  the  amount 
of  rainfall  and  the  nature  of  the  country,  they  are  often  very  tur])id 
in  the  wet  season.  In  the  dry  season  they  are  clear  and  have  only 
slight  color. 

The  water  works  for  the  city  of  Panama  were  taken  uj)  first  and 
pushed  in  advance  of  any  others.  It  was  estimated  that  the  city 
would  have  a  future  population  of  thirty  thousand.  There  is  no 
manufacturing  in  Panama  now,  and  probably  never  will  be.  The 
character  and  habits  of  the  population  are  such  that  a  large  con- 
sumption of  water  need  not  be  expected.  Two  million  gallons  per 
day,  or  a])Out  sixty  gallons  per  capita,  was  taken  as  the  necessary 
amount  to  supply. 

Some  years  previous  a  franchise  had  been  secured  by  a  privrte 
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company  for  the  introduction  of  water,  but  one  of  the  periodical 
revolutions  had  stopped  proceedings  before  construction  had 
more  than  begun.  This  com])any  had  planned  to  take  water  from 
the  Juan  Diaz  River,  about  fifteen  miles  east  of  the  city,  —  an  ex- 
cellent source.  But  the  property  holdings  of  the  local  owners  of 
the  old  water  company,  and  other  practical  reasons,  prevented 
the  serious  consideration  of  this  source  for  the  new  works. 

A  ground  water  supply  was  considered,  but  the  volcanic  origin 
of  the  country  was  not  favorable  to  underground  water.  Some 
investigations  were  made  without  results.  Borings  made  for  the 
canal  work  proper  had  not  indicated  the  presence  of  a  supply  of 
water,  except  near  Colon,  w^here  salt  water  was  found. 

Final  selection  was  made  of  the  Rio  Grande  at  a  point  about  ten 
miles  from  the  city,  and  a  little  to  one  side  of  the  Culel^ra  cut. 
The  Panama  raib'oad  crossed  over  the  river,  at  the  point  chosen, 
on  a  plate  girder  bridge.  The  dry  weather  flow  of  the  stream 
would  not  be  sufficient  for  the  proposed  supply,  and  a  storage 
reservoir  was  necessary. 

The  Rio  Grande  had  many  advantages  as  a  source  of  supply. 
The  elevation  was  sufficient  to  give  a  good  head  in  the  city.  The 
railroad  could  be  used  to  transport  all  material,  and  the  pipe  from 
the  reservoir  to  the  city  could  be  laid  along  the  track  for  nearly 
the  entire  distance.  Branches  could  be  led  into  the  Culebra  cut 
to  supply  steam  shovels  and  locomotives,  and  the  various  canal 
camps  of  Paraiso,  Pedro  ^liguel,  ^liraflores,  Corozal,  and  La  Boca, 
lying  along  the  route,  could  also  be  furnished  with  water. 

At  the  point  selected,  the  Rio  Grande  comes  down  through  a 
narrow  gorge  of  trap  rock.  A  small  dam  already  existed  here, 
having  been  built  in  1889  by  Buneau-Varilla,  of  the  old  French 
Canal  Company,  to  supply  water  for  dredging  operations  in  Cule- 
bra cut.  Buneau-Varilla 's  proposition  to  excavate  the  entire 
canal  by  dredging  is  well  known,  from  his  recent  advocacy  of 
this  scheme  before  the  Board  of  Consulting  Engineers.  He  has 
adhered  tenaciously  to  his  plan,  though  the  collapse  of  the  old 
canal  company,  soon  after  he  had  his  dredging  plant  installed, 
prevented  any  practical  test  of  the  idea  in  the  Culebra  cut. 

The  Buneau-Varilla  dam  created  a  reservoir  of  about  100  000- 
000  gallons.     The  drainage  area  tributary  .had  never  been  sur- 
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veyed,  but  it  was  estimated  at  from  4  to  6  square  miles.  Partial 
run-off  records  had  been  kept  by  the  French  for  a  number  of 
years,  and  they  indicated  ample  flow  to  furnish  2  000  000  gallons 
per  day  with  storage  of  about  400  000  000  gallons. 

The  dam  itself  was  of  the  stone  arch  type,  and  an  excellent 
piece  of  construction.  Its  crest  was  at  elevation  217  feet  al)ove 
mean  sea  level.  The  rails  of  the  Panama  railroad,  which  limited 
the  height  to  which  the  dam  could  be  easily  raised,  were  at  elev- 
ation 242.  A  hast.y  survey  of  the  })asin  showed  tluit  at  elevation 
237  the  refiuired  net  ca])acity  of  400  ()()()  ()()()  gallons  would  be 
secured. 

The  complete  system  pro]i()sed  for  Panama  included  the  con- 
struction of  this  enlarged  storage  reservoir  at  Rio  Grande;  a  16- 
inch  cast-iron  supply  pipe  line,  10  miles  long,  from  Rio  Grande  to 
a  1000  000  gallon  distribution  reservoir  at  Ancon  Hill;  and  a 
distribution  pipe  system  throughout  the  city,  the  latter  rccjuir- 
ing  about  10  miles  of  cast-iron  pipe  in  sizes  from  20  inches  down 
to  6  inches.  The  total  estimated  cost  was  $440  000  gold,  and 
the  work  has  been  done  inside  of  this  figure. 

There  was  some  question  as  to  what  effect  storage  would  have 
on  water  in  the  tropics.  The  small  reservoir,  already  existing, 
had  flooded  its  area  without  any  cleaning  or  stripping,  but  in 
the  fifteen  or  sixteen  years  that  had  elapsed,  the  influence  of 
the  rank  tropical  growth  that  was  submerged  seemed  to  have 
been  entirely  eliminated.  Directly  back  of  the  dam  was  a  mass 
of  logs,  branches,  and  vegetable  matter,  material  brought  down 
and  accumulated  there  by  the  frequent  floods.  Decomposition 
was  going  on  at  this  point,  and  water  discharged  at  the  lowest 
outlet  in  the  dam  smelled  of  hydrogen  sulphide.  The  remainder 
of  the  reservoir  was  entirely  free  from  anything  objectionable; 
the  water  was  clear  and  almost  colorless  and  tasteless.  Grass 
was  growing  in  some  places  where  the  w^ater  was  only  five  or  six 
feet  deep,  but  no  objectionable  growths  appeared. 

Samples  of  the  water  were  examined  with  such  limited  a]i]Tli- 
ances  as  were  on  the  isthmus  at  that  time,  and  nothing  deleterious 
discovered.  Perhaps  the  most  satisfactory  information  was  the 
fact  that  the  water  was  used  regularly  by  some  of  the  laborers  in 
Culebra  cut,  and  foi*nd  both  agreeable  and  wholesome. 
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The  sides  of  the  proposed  new  l);isni  were  steep,  jii\'inii'  very 
little  area  with  less  than  20  feet  depth  of  water.  The  avei'age 
dej^th  of  water  would  be  about  40  feet.  The  watershed  was 
practically  uninhabited,  and  was  controlled  by  the  Commission. 

Investigations  for  the  water  works  were  begun  July  21,  1904, 
and  the  system  as  outlined  was  authorized  by  the  Canal  (-onnnis- 
sion  on  August  9.  Work  on  the  reservoii'  was  begun  immediately 
thereafter,  all  work  Iseing  executed  by  forces  in  the  employ  of 
the  Commission. 

There  were  at  this  time  about  six  hundred  laborers,  largely 
Jamaica  negroes,  working  in  the  Culebra  cut,  a  continuation  of 
the  old  French  organization.  Thei'e  were  in  addition  perhaps  five 
hundred  or  six  hundred  more  laborers  scattered  over  the  isthmus, 
Avho  were  available  for  work.  Some  of  these  were  new  arrivals; 
a  good  many  had  been  there  since  active  French  operations. 

Negroes  are  susceptible  to  malaria.  At  least  75  per  cent,  of 
those  who  had  been  for  any  length  of  time  on  the  isthmus  were 
full  of  it.  And  malaria  is  just  as  potent  in  taking  the  energy  from 
a  negro  as  from  a  white  man,  which  accounts  in  part  for  the 
often  spoken  of  inefficiency  of  the  Jamaican. 

At  the  time  the  water  woi'ks  were  being  started,  the  Depart- 
ment of  Health  was  being  organized  to  get  the  hospitals  into 
shape,  to  cut  down  vegetation,  to  ditch  and  drain,  and  to  fumi- 
gate; the  Building  Department  was  getting  ready  to  repair  old 
houses  and  to  build  new  ones;  the  Material  and  Supplies  Depart- 
ment was  sorting  out  old  French  stock,  cleaning  up  storehouses, 
and  preparing  to  store  and  deliver  supplies;  the  Mechanical  De- 
l^artment  was  putting  the  French  shops  in  order  and  repairing 
some  of  the  machinery;  and  at  Colon  docks  were  being  built  and 
yards  and  terminals  cleared  up  ready  to  receive  material. 

To  constitute  the  forces  of  the  various  departments  there  were 
only  these  1  000  or  1  200  Jamaicans.  Each  department  needed  more 
men;  and  yet  more  men  weie  not  wanted  on  the  isthmus  until  there 
were  places  to  house  them,  food  and  water  for  them,  and  a  chance 
to  care  for  them,  if  they  should  be  sick.  Each  department  depended 
upon  and  needed  the  others,  and  yet  in  a  sense  they  were  rivals. 
It  would  have  required  transcendent  genius  to  have  distributed 
men  and  supplies  ecjuitably  according  to  the  various  necessities. 
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As  it  was  with  the  men,  so  it  was  with  the  material.  Too  much, 
coming  in  before  the  faciUties  for  handhng  it  were  ready,  would 
simply  produce  congestion,  and  Yankee  ingenuity  had  a  good 
opportunity  to  devise  ways  of  getting  work  done  with  old  French 
stock. 

The  order  for  the  cast-iron  pipe  and  valves  for  the  Panama 
water  works  was  placed  in  the  United  States.  The  first  shipment 
reached  the  isthmus  in  January,  1905,  the  last  shipment  in  ^lay 
following. 

In  addition  to  the  lack  of  men,  good  foremen  were  scarce. 
This  perhaps  was  hardly  more  than  was  to  be  expected  at  that 
time,  considering  the  reputation  the  place  carried.  In  time, 
however,  many  good  foremen  did  reach  the  isthmus. 

Work  on  the  Rio  Grande  reservoir  was  started  under  the  direction 
of  two  of  the  engineering  force,  who  were  at  first  the  only  white 
men  on  the  ground.     Black  foremen  were  all  that  could  be  secured. 

The  existing  Buneau-Varilla  reservoir  was  drawn  down  and 
thoroughly  cleaned  out.  The  additional  area  to  be  flowed  by 
the  enlarged  basin,  about  sixty  acres,  was  cleared  and  grubbed. 
All  stumps  and  large  roots  were  taken  out,  but  no  stripping  of 
earth  was  done.  Hardwood  trees  and  logs  were  burned  to  char- 
coal for  use  later.  The  soil  was  a  hard  clay,  apparently  containing 
very  little  organic  matter. 

The  dam  as  left  by  the  French  had  its  crest  at  elevation  217,  was 
40  feet  high,  12  feet  wide  on  the  bottom.  4  feet  wide  on  top,  and 
was  curved  to  a  radius  of  about  ISO  feet.-  This  dam  was  raised  a 
little  over  20  feet  by  extending  vertically  the  top  width  of  4  feet. 
A  substantial  screen  chamber  in  the  center  of  the  down  stream 
side  served  to  buttress  this  enlarged  dam.  and  two  smaller  but- 
tresses were  built  on  either  side  of  the  center. 

This  extension  work  was  of  concrete  mixed  about  1:3:6.  of 
Portland  cement,  seashell  sand,  and  crushed  trap  rock.  Old 
rails  were  bedded  in  the  concrete.  There  were  very  few  weeps 
through  this  work  when  the  reservoir  was  filled. 

The  route  of  the  supply  line  from  Rio  Grande  to  the  city  fol- 
lowed the  gorge  of  the  river  for  about  3  500  feet  on  a  level  grade, 
before  meeting  the  railroad;  the  latter,  meanwhile,  having  had  a 
<lown  grade  from  the  dam  of  about  70  feet  to  the  mile. 
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Along  the  bottom  of  tliis  gorge  Buneau-Varilla  had  laid  a 
20-inch  galvanized  iron  {)ij:>'e  to  convey  water  from  his  dam  to  the 
Culebra  cut.  This  line  had  been  left  unused  since  1889,  and  was 
overgrown  and  hidden  bv  ti-()])ical  vegetation.  The  pipes  were 
in  16-foot  lengths,  of  i-inch  plates,  single  riveted,  with  flange 
joints.  Barring  some  dents,  which  had  not  injured  the  galva- 
nizing, the  pipes  were  in  first-class  condition  and  practically  as  good 
as  new.  All  French  material  was  always  of  good  quality  and 
workmanship. 

It  would  be  necessary  to  protect  with  concrete  any  pipe  laid 
in  this  gorge,  as  the  latter  will  probably  be  filled  with  excavation 
from  the  Culebra  cut.  Under  the  conditions  this  galvanized  pipe 
was  considered  suitable,  and  it  was  taken  up  and  relaid  as  a  part 
of  the  permanent  line.  Rubber  gaskets  were  used  for  tie  joints. 
Enough  bends  were  found  to  get  around  all  curves,  with  son  e  little 
aid  at  certain  of  the  joints  where  the  gaskets  were  beveled. 

This  galvanized  pipe  line  was  surrounded  by  6  inches  of  Port- 
land cement  concrete,  mixed  about  1:3:  .5.  In  actual  use  under  ful 
head,  it  has  proved  very  satisfactory.  Two  small  leaks  appeared 
when  water  was  first  turned  on,  but  these  have  since  taken  up. 

From  the  end  of  this  galvanized  pipe  to  Ancon  the  supply 
line  was  laid  alongside  the  track  of  the  Panama  railroad.  The 
pipe  was  given  a  cover  of  about  a  foot. 

Jamaica  negroes  were  used  entirely  for  lal)orers,  pipe  layers,  and 
calkers.  Some  few  of  them  had  done  similar  w^ork  in  Jamaica, 
but  the  majority  had  to  be  taught  the  entire  Imsiness.  The  work, 
however,  was  very  satisfactory.  On  the  ten  miles  only  three 
cracked  pipes  developed  after  the  pressure  was  turned 
on,  and  very  few  joints  had  to  be  recalked. 

Along  the  railroad,  transportation  was,  of  course,  simple.  The 
pipes  were  unloaded  from  the  cars  at  night,  when  no  trains  were 
run. 

In  the  city,  the  ordinary  draught  animal  was  a  degenerate 
descendant  of  the  Spanish  horse,  weighing  about  700  pounds. 
The  load  these  horses  may  carry  is  limited  by  city  ordinance;  not 
as  a  matter  of  humanity,  however,  but  for  purposes  of  municipal 
revenue.  In  hauling  sand,  the  limit  is  about  one  third  of  a  cubic 
yard. 
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The  Department  of  Material  and  Supplies  imported  a  number  of 
mules  from  Chili  and  New  Orleans.  They  did  not  stand  the 
climate  as  well  as  the  local  horses,  but  were  usually  available  for 
moving  the  heavier  material,  and  served  Avell  for  breaking  the 
monopoly  of  the  native  teamsters. 

The  sewer  and  water  pipes  throughout  the  city  were  laid  in  the 
same  trench,  the  latter  on  a  shelf  to  one  side  of  and  above  the 
sewers.     The  water  pipes  were  given  a  cover  of  about  1 8  inches. 

In  general,  the  excavation  was  good  and  the  trenches  stood  up 
well.  Clay  was  the  principal  material  encountered.  Some  soft 
rock  and  indurated  clay  w^as  encountered  that  required  blasting. 
The  chief  difficulty  was  the  old  underground  drains.  The  streets 
were  narrow  and  these  drains  could  not  be  avoided.  Moreover, 
nobody  knew  where  they  were. 

Some  interesting  historical  structures  were  uncovered.  An 
underground  passage,  supposed  to  lead  from  the  crypt  of  the 
cathedral  to  the  water  front,  was  encountered. 

Many  predictions  were  made  as  to  the  sickness  that  would 
break  out  in  the  city  where  the  streets  were  dug  up  and  the  accu- 
mulations of  centuries  exposed.  No  unusual  precautions  were 
taken,  except  to  sprinkle  a  liberal  amount  of  chloride  of  lime  when 
a  particularly  offensive  drain  was  uncovered,  and  no  bad  results 
ensued  as  a  consequence  of  the  work. 

The  distribution  reservoir,  mentioned  above  as  a  part  of  the 
Panama  system,  is  on  a  peculiar  little  peak  of  clay  at  Ancon,  on 
which  there  is  not  much  more  than  room  enough  for  the  basin. 
The  walls  are  of  concrete  backed  up  with  earth.  Water  surface 
is  at  elevation  137. 

The  location  of  this  reservoir  made  it  a  rather  difficult  place 
to  reach  with  material.  A  20-inch  gage  railroad,  with  Decauville 
cars  and  locomotive,  taken  from  old  French  stock,  was  laid  from 
the  Panama  railroad  to  the  foot  of  the  hill;  and  a  holster,  also 
from  old  French  stock,  operated  cars  on  a  similar  track  laid  up 
the  side  of  the  hill. 

Tliis  Ancon  reservoir  was  not  essential  to  the  opening  of  the 
works,  as  the  pipe  was  by-passed  around  it.  Its  construction 
was  delayed  in  favor  of  more  important  matters  until  the  dry  sea- 
son of  1005  came  on;  and  during  that  season  every  drop  of  water 
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in  the  vicinity  was  needed  for  Ancon  Hospital,  and  none  was 
available  for  concrete. 

The  formal  opening  of  the  works  took  place  July  4.  190").  The 
fire  department  of  Panama  celebrated  the  occasion,  covering 
themselves  with  glory  and  the  spectators  with  water. 

At  the  time  of  this  opening,  between  three  and  four  miles  of 
distribution  pipe  had  been  completed.  Connection  with  the 
water  works  and  sewers  is  made  obligatory  throughout  the  city, 
but  a  reasonable  time  is  allowed  for  installation  of  plumbing 
work.  Meanwhile,  arrangements  have  been  made  at  the  fire  hy- 
drants in  the  streets  so  that  people  can  get  water  for  domestic  use. 

As  soon  as  a  district  in  Panama  was  supplied  in  this  manner,  all 
rain  water  receptacles  were  rigidly  prohibited,  and  wells  and  cis- 
terns were  filled  up.  The  worst  yellow  fever  districts  of  the  city 
were  taken  first  in  the  order  of  pipe  laying.  The  advance  of 
this  work  has  produced  a  marked  decrease  in  the  number  of  mos- 
quitoes, and  has  been  concurrent  with  the  practical  elimination  of 
yellow  fever. 

For  some  months  after  the  water  from  Rio  Grande  was  intro- 
duced, examinations  showed  bacillus  coli.  For  the  past  eight  or 
nine  months,  since  the  withdrawal  of  the  men  working  about  the 
reservoir,  these  have  not  appeared,  and  very  few  of  any  other 
kind.     The  supply  has  been  very  satisfactory. 

In  addition  to  supplying  the  city  of  Panama,  the  Rio  Grande 
system  furnishes  water  to  La  Boca,  Ancon,  Corozal,  Miraflores, 
Pedro  Miguel,  Paraiso,  and  part  of  Culebra,  all  canal  towns.  As 
Panama  must  pay  for  the  system,  it  is  necessary  to  measure  the 
water;  and  for  this  purpose  Venturi  meters  for  the  main  Hne 
and  branches  have  b§en  provided. 

For  the  Colon  water  works,  more  time  was  available  for  prelim- 
inary investigations  than  at  Panama.  A  gravity  supply  was  not 
practicable.  After  numerous  possii)le  sources  were  investigated 
a  choice  was  made  of  Brazos  Brook,  lying  back  of  Monkey  Hill. 

An  excellent  reservoir  site  was  found  on  this  brook  at  a  point 
about  three  miles  from  Colon.  Tributary  to  the  reservoir  is  a 
cU'ainage  area  of  one  square  mile,  without  habitation.  The  reser- 
voir has  an  area  of  120  acres,  a  capacity  of  520  000  000  gallons, 
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uiul  un  iiverage  depth  of  20  feet.  The  sides  are  steep,  and  there 
will  he  little  shallow  flowage.  Two  earth  dams,  containing  about 
100  000  cubic  yards,  are  required  in  the  const i-uction  of  the  reservoir. 

It  is  estimated  that  the  watershed  will  jaeld  easily  1  000  000 
gallons  per  day.  Should  Colon  outgrow  this  supply,  an  adjacent 
watershed  of  about  equal  area  can  be  developed.  The  system 
has  been  designed  with  this  in  view. 

Good  data  were  available  for  estimating  the  capacity  of  this 
watershed.  Reliable  rainfall  records  have  been  kept  at  Colon 
for  thirty  years.  The  minimum  rainfall  is  86  inches;  the 
average,  125  inches;  the  maximum,  160  inches. 

There  was  also  the  small  reservoir  of  the  Panama  railroad, 
already  mentioned,  which  was  built  about  1870.  This  has  a  total 
drainage  area  of  24  acres,  an  area  of  8  acres,  a  capacity  of  20  000- 
000  gallons,  and  yields  consistently  60  000  gallons  per  clay,  or  at 
the  rate  of  over  1  600  000  gallons  per  day  per  square  mile. 
This  Panama  railroad  reservoir  had  considerable  shallow  flowage 
and  there  was  a  population  of  about  fifty  on  its  watershed.  But 
there  was  nothing  disagreeable  to  the  eye  and  taste  about  the 
water,  though,  of  course,  it  was  not  fit  for  domestic  use. 

The  complete  Colon  system  provides  for  the  storage  reservoir 
on  Brazos  Brook,  with  a  water  surface  at  elevation  45  above  sea 
level;  a  20-inch  cast-iron  supply  pipe  from  this  reservoir  to  a  pump- 
ing station  near  the  Panama  railroad  at  Monkey  Hill;  a  20-inch 
cast-iron  force  main  from  the  pumping  station  to  a  standpipe; 
and  a  distribution  pipe  system  in  sizes  down  to  6  inches. 

Like  the  Rio  Grande  reservoir,  the  Colon  reservoir  has  been 
cleared  and  grubbed,  but  likewise  no  soil  has  been  removed. 

The  system  has  not  yet  been  completed.  ^ 

While  the  water-works  of  Colon  and  Panama  were  being  investi- 
gated and  built,  the  canal  force  all  along  the  line  was  being  in- 
creased. One  after  another  the  old  French  camps  were  occupied, 
and  new  large  hotels  were  erected  at  important  points.  Water 
was  called  for  in  each  camp  and  the  American  canal  worker 
demanded  more  water  than  did  the  French. 

Temporary  arrangements  were  made  by  patching  up  the  old 
French  plants  and  running  them  until  new  outfits  could  be  pro- 
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cured,  or  until  the  plans  of  the  canal  had  been  sufficiently  deter- 
mined to  permit  of  the  camps  being;  permanently  located.  Most  of 
the  machinery  had  been  standing  for  years.  In  some  cases  water 
had  been  left  in  the  cylinders,  and  the  boilers  had  not  been  cleared 
out.  Pumping  stations,  like  everything  else,  were  hidden  away 
under  a  dense  tropical  growth.  But  nevertheless,  almost  every- 
thing worked,  and  nothing  serious  in  the  way  of  accidents  occurred. 

As  plans  developed,  permanent  water  supplies  were  authorized. 
These  have  all  been  designed  with  a  view  to  furnishing  fire  pro- 
tection, for  the  average  canal  building,  especially  in  the  dry 
season,  is  a  very  bad  fire  risk. 

By  the  middle  of  1905  water  systems  were  under  construction 
at  Emperador,  where  a  gravity  supply  from  a  storage  reservoir 
on  the  Comacho  River  will  furnish  800  000  to  1  000  000  gallons 
per  day  to  Empire,  Culebra,  and  Culebra  cut;  at  Gorgona,  where 
a  pumping  plant  is  taking  water  from  the  Carabili  River  for  Gor- 
gona and  the  Bas  Matachin  shops;  and  at  Bas  Obispo,  where 
another  pumping  plant  is  furnishing  water  from  the  Mandigo 
River  for  the  camps  in  that  vicinity. 

All  the  territory  about  these  streams,  above  points  of  intake, 
is  practically  uninhabited.  A  considerable  force  of  men,  however, 
has  been  working  about  them  during  construction.  Examination 
of  water  shows  some  coli,  as  at  Rio  Grande,  though  it  is  expected 
that  they  will  clear  themselves  as  did  that  supply  after  the  laborers 
were  withdrawn. 

It  is  generally  known  that  during  the  past  year  there  has  been 
practically  no  yellow  fever  on  the  isthmus.  The  average  force 
employed  during  this  time  has  been  22  000.  In  the  entire  force 
there  have  been  in  this  period  40  deaths  from  dysentery  and 
22  deaths  from  typhoid. 

The  maximum  force  employed  by  the  French  was  17  000  men 
in  1887,  and  about  the  same  number  in  1884.  In  the  former  year 
they  had  85  deaths  from  dysentery  in  Aneon  Hospital  alone,  the 
only  place  where  statistics  were  kept.  In  1884  they  had  70 
deaths  from  typhoid  in  Ancon  alone. 

The  canal  force  is  hard  to  control,  and  even  with  pure  water 
supplies  throughout  the  isthmus,  there  will  probably  be  cases  of 
typhoid  in  the  future. 
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BY   CjKORGK  ('.    WHIPPI.K.  COXSULTIXG  ENGINEER,   NEW   VORK,   N.    Y. 

[Rend  September  14.  1906.] 

There  is  one  problem  in  the  sanitary  conservation  of  water 
supplies  which  the  members  of  the  New  England  Water  Woiks 
Association  have  been  but  rarely  called  upon  to  solve.  It  is  tliat 
of  a  city  using  a  lake  as  a  source  of  water  supply,  and  at  tlie  same 
time  using  it  as  a  place  for  the  disposal  of  the  city's  sewage.  To 
pump  water  from  a  lake  into  the  water  pipes  of  a  city,  to  let  it 
pass  through  houses  and  factories,  through  bath  tubs  and  water- 
closets,  through  drains  and  through  sewers  back  into  the  lake, 
and  then  to  cause  it  to  deposit  its  noxious  accumulations  at  some 
place  in  the  lake  so  that  they  shall  not  by  any  chance  or  mischance 
reach  some  other  place  from  which  the  water  supply  is  pumped 
—  in  short,  to  so  operate  the  water  supply  and  sewerage  systems 
as  to  avoid  a  closed  circuit — is  a  difficult  problem  from  which 
you  are  fortunate  to  be  spared. 

We  are  not  altogether  spared  from  it.  The  Journ.\l  of  our 
association.  Vol.  X,  1896,  p.  150,  contains  a  description  of  the 
water  supply  of  Burlington,  Vt.,  where  the  danger  of  the  closed 
circuit  was  convincingly  demonstrated  by  our  worthy  President, 
Prof.  W^illiam  T.  Sedgwick.  Acting  on  his  advice,  the  two 
poles  of  the  sanitary  system,  the  water  supply  intake  and  the 
sewage  outfall,  were  put  so  far  apart  that  "  sparking  "  was  for 
a  time  impossible.  But  gradual  growth  of  the  city  so  increased 
the  lake  pollution  that  for  several  years  past  the  sparks  of  typhoid 
fever  have  been  crossing  the  gap  and  flying  into  the  city.  That 
these  sparks  have  not  given  rise  to  a  conflagration  has  been  due 
more  to  gcod  luck  than  to  adequate  insulation. 

What  has  happened  in  Burlington  has  happened  in  almost  every 
city  which  takes  its  water  sujoply  unfiltered  from  an  adjacent  lake. 
Witness  Chicago,  Cleveland,  Buffalo,  Toledo.  Lorain  and  many 
other  places  that  might  be  named.  I  have  mentioned  Burlington 
first,  not  because  she  has  been  more  careless  with  her  water  supply 
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than  all  the  fost ,  ])ut  because  she  is  one  of  our  home  New  England 
cities  well  known  to  this  ■  association,  and  because  the  tjuestion 
of  purification  is  now  being  considered  by  her  city  government. 
If  the  lake-water  is  to  be  continued  in  use.  something  must  be 
done  to  break  the  unfortunate  closed  circuit.  The  most  rational, 
effective,  and  economica"!  method  now  known  for  doing  this  is 
by  the  installation  of  a  water  filtration  plant.  It  is  to  be  hoped 
that  steps  looking  toward  the  betterment  of  the  supply  will  be 
taken  at  an  early  date,  and  before  a  typhoid  epidemic  occurs, 
like  that  which  recently  overtook  the  city  of  Cleveland  while  the 
improvements  in  her  water  supply  were  in  progress.  This  severe 
epidemic,  one  of  the  most  important  in  recent  years,  has  never 
been  described  in  the  technical  journals;  and  it  has  been  thought 
that  an  account  of  it  might  be  appropriately  added  to  the  Tran- 
sactions of  this  association,  already  so  replete  with  the  lore  of 
epidemiology  and  public  sanitation. 

As  the  Cleveland  epidemic  was  caused  by  a  wholesale  and  long 
continued  infection  of  the  public  water  supply  by  the  sewage  of 
the  city,  a  description  of  the  water  works  and  sewerage  system 
should  naturally  precede  an  account  of  the  typhoid  fever  situation. 

THE  BAY  OF  CLEVELAND  AND  THE  WATER  SUPPLY  OF  THE  CITY. 

The  city  of  Cleveland  is  situated  on  an  indentation  in  the 
southern  coast  line  of  Lake  Erie,  about  one  third  of  the  way  from 
Toledo  to  Buffalo.  The  indentation,  or  bay,  is  about  forty  miles 
long,  measuring  from  Avon  Point  to  Fairport,  and  about  seven 
miles  wide.  The  city  is  situated  at  the  deepest  point  of  the 
indentation.  The  water  within  the  bay  is  nowhere  deeper  than 
sixty  feet  and  its  average  depth  may  be  taken  roughly  as  fifty  feet. 
The  bottom  is  chiefly  fine  sand  and  clay,  but  in  some  places  there 
are  deposits  of  mud  and  in  a  few  spots  the  bottom  is  rocky. 

The  Harbor.  'The Cuyahoga  River  flows  into  the  lake  through 
the  heart  of  Cleveland,  dividing  the  city  into  the  East  Side  and 
the  West  Side.  (See  Map,  Fig.  1.)  At  the  mouth  of  the  river  the 
Government  has  constructed  piers  into  the  lake  on  either  side  about 
one  quarter  of  a  mile  long.  These  help  to  provide  a  suitable  chan- 
nel of  entry.  In  front  of  the  river  mouth  and  about  one  quarter  of 
a  mile  from  the  end  of  these  piers  there  is  a  breakwater  parallel  to 
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the  shore  line,  which  incloses  the  harbor.  The  breakwater  has  an 
opening  opposite  the  river.  The  breakwater  west  of  the  opening  has 
awing  which  extends  obhquely  across  to  tlie  shore  so  as  to  almost 


Fig.  1.     Map  of  City  and  Harbor  of  Cleveland,  Showing  Location 
OF  Water-Works  Intakes,  and  the  Official  Dumping  Ground. 

completely  inclose  the  harbor  on  that  side.  Inhere  is  a  small 
opening  in  this  w^esterly  wing  which  allows  boats  to  enter  and 
provides  circulation  of  the  water  in  the  harbor.  The  harbor  is 
now  open  on  the  east  side,  but  an  extension  of  the  east  breakwater 
is  being  made.  Inside  this  harbor  and  in  the  river,  dredging  is 
going  on  almost  continuously  during  the  open  season,  and  the 
material  which  is  dredged  is  carried  out  to  the  open  lake  and 
dumped  into  the  water. 
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The  Tracer  Supply  of  Ckveland.  The  water  supply  of  the  city  is 
derived  entirely  from  the  lake.  The  old  intake  of  the  water  works, 
often  referred  to  as  the  "  West  ("rib,"  or  Crib  No.  4,  is  located 
about  \\  miles  from  the  shore  and  1  mile  west  of  the  mouth  of  the 
river.  (See  Fiz.  1 .)  The  crib  is  a  wooden  structure  which  protects 
the  intake  and  serves  also  as  a  lighthouse.  Water  is  taken 
from  a  depth  of  12  to  28  feet  below  the  surface,  and  only  12 
feet  from  the  bottom.  From  the  West  Cril)  two  tunnels  extend 
to  the  Division  Street  pumping  station  on  the  west  side  of  the 
city,  one  5  feet  and  the  other  7  feet  in  diameter.  The  former 
was  built  in  1874  and  the  latter  in  1891.  The  normal  capacity  of 
the  tunnels  is  said  to  be  120  000  000  gallons  per  day.  The 
pumping  capacity  at  the  Division  Street  station  is  50  000  000 
gallons  per  day.  For  about  twenty  years,  or  until  the  spring 
of  1904,  this  system  furnished  the  water  supply  of  the  city. 

In  order  to  supply  a  greater  cjuantity  of  water  and  at  the  same 
time  to  secure  water  of  a  better  c[uality,  new  works  were  begun 
in  1890  and  completed  in  1904.  The  intake  consists  of  a  steel  crib 
located  about  four  miles  from  the  shore  and  almost  opposite  the 
mouth  of  the  Cuyahoga  River.  This  crib  is  known  as  the  "  East 
Crib,"  or  Crib  No.  3.  Water  is  taken  at  a  depth  of  10  to  28  feet 
below  the  surface,  and  22  feet  from  the  liottom.  The  crib  is  also 
used  as  a  lighthouse.  From  it  a  9-foot  tunnel  extends  in  a  straight 
line  to  a  pumping  station  located  on  the  shore  of  the  lake,  at  Kirt- 
land  Street.  This  tunnel  has  a  length  of  26  000  feet.  Two  tempo- 
rary cribs,  known  as  Crib  No.  1  and  Crib  No.  2,  which  were  used 
during  the  construction  of  the  tunnel,  are  still  standing.  They  are 
located  at  distances  of  11  600  and  18  800  feet,  respectively,  from 
the  pumping  station.  The  nominal  capacity  of  the  tunnel  is 
said  to  be  175  000  000  gallons  per  day.  based  on  a  velocity  of 
4  feet  per  second.  The  present  pum])ing  capacity  at  the  Kirt- 
land  Street  pumping  station  is  90  000  000  gallons  per  day. 

LOCAL    SOUKCKS    OF    POLLUTION. 

The  chief  local  sources  of  pollution  of  the  water  of  Lake  Erie 
in  the  vicinity  of  Cleveland  are: 

1.  The  city  sewers  which  discharge  into  the  river  and  along  the 
water  front. 
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2.  The  Cuyahoga  River. 

3.  Tlie  Rocky  River. 

4.  The  shore  wash  and  the  .stirring  u])  of  the  bottom  of  the  hike 
by  the  winds. 

5.  The  duin{)ing  of  (h'edged  material. 

6.  The  accidental  pollution  from  steamboats. 

The  Sewage  of  the  City.  All  of  the  sewage  of  the  city  goes 
directly  or  indirectly  into  the  lake.  It  has  been  estimated  that 
the  sewage  of  about  225  000  people  runs  into  the  Cuyahoga  River 
and  that  the  sewage  of  more  than  200  000  people  empties  directly 
into  the  lake  along  the  water  front  between  Waverly  Avenue 
and  Gordon  Park. 

The  Waverly  Avenue  sewer,  which  takes  the  sewage  of  about 
22  600  people,  discharges  near  the  west  entrance  of  the  break- 
water. The  sewers  at  Seneca,  Ontario,  and  Erie  streets  also 
discharge  near  the  east  side  of  the  harbor.  The  intercepting 
system  of  sewers  which  is  now  being  constructed  is  intended  to 
remove  practically  all  of  the  sewage  from  the  river  and  the  water 
front  and  carry  it  to  a  point  about  nine  miles  east  of  the  harbor, 
discharging  it  at  a  considerable  distance  from  the  shore.  It  will 
be  many  years  before  this  system  of  intercepting  sewers  can  be 
completed,  and  it  has  been  suggested  to  establish  a  temporary 
outfall  at  ^Marc^uette  Street  to  be  used  until  the  entire  system  shall 
be  completed.  By  using  this  it  would  be  possible  to  obtain 
partial  relief  to  the  river  in  a  shorter  time  than  by  waiting  for  the 
completion  of  the  whole  system.  It  seems  pro])able  that  even 
after  the  con.^t ruction  of  the  intercepting  system  of  sewers  the 
Cuyahoga  River  will  still  be  a  nuisance  and  that  it  will  probably 
be  necessary  to  adopt  some  plan  thereafter  for  the  amelioration  of 
its  conditions. 

Amount  and  Charade?-  of  the  Sewage.  From  wliat  is  known  in 
general  of  tiio  y-r  capita  constituents  of  sewage  it  has  been  calcu- 
lated that  during  each  day  there  is  discharged  into  Lake  Erie  at 
Cleveland  at  least  100  tons  of  solid  matter,  of  which  about  70  tons 
are  mineral,  and  30  tons  organic.  Of  the  mineral  matter  about  12 
tons  represents  common  salt.  About  3Mons  of  organic  nitrogen  are 
also  discharged  daily  and  about  3  tons  of  nitrogen  as  free  ammo- 
nia.    It  has  been  further  estimated  that  the  number  of  bacteria 
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ill  the  city  sewage  amounts  to  more  than  one  hundred  million  l)illion 
daily,  of  which  it  is  fair  to' assume  that  nearly  ten  million  billion 
are  B.  coli  or  allied  species.  These  figures,  of  course,  mean  little 
except  when  taken  in  connection  with  dilution  as  described  below. 
They  serve  merely  to  indicate  the  immense  amount  of  polluting 
substances  which  enter  the  lake  and  which  have  to  be  taken  into 
consideration  in  connection  with  the  purity  of  the  water  supply. 

Except  in  the  case  of  the  Cuyahoga  River,  the  quantity  of  water 
discharged  through  the  sewers  is  not  sufficient  to  create  currents 
setting  into  the  lake  which  preserve  their  identity  for  any  con- 
siderable distance  from  the  shore,  and  the  dispersion  of  the  sewage 
by  the  action  of  wind  and  wave  begins  near  the  shore  line.  The 
dispersion  of  the  sewage  is  materially  influenced  by  its  tempera- 
ture as  compared  with  that  of  the  lake  water.  The  presence  or 
absence  of  an  ice-sheet,  the  relative  temperatures  of  the  water  and 
sewage,  and  the  increased  density  of  sewage  due  to  its  mineral 
constituents,  are  all  matters  which  must  enter  into  a  complete 
discussion  of  the  problem. 

Cuyahoga  River.  The  Cuyahoga  River  has  a  drainage  area  of 
about  805  square  miles.  In  its  upper  reaches  it  receives  more 
or  less  pollution.  The  rural  population  on  the  watershed  is 
estimated  as  about  32  500,  or  about  40  per  square  mile;  the 
village  population  (cities  and  towns  of  less  than  4  000  population) , 
10  000,  or  12  per  square  mile;  the  urban  population  (cities  of 
over  4  000  inhabitants),  55  000,  or  69  per  sc^uare  mile;  making  a 
total  of  121  per  square  mile.  The  principal  city  on  the  upper 
part  of  the  river  is  Akron,  which  in  1900  had  a  population  of 
42  728.  If  it  be  assumed  that  the  sewage  of  228  000  of  the  popu- 
lation of  Cleveland  drains  into  the  river,  the  population  per  square 
mile  on  the  entire  watershed  above  its  mouth  becomes  404,  of 
which  352  represent  urban  population. 

The  Cuyahoga  River  in  the  lower  part  of  its  course  is  tortuous 
and  its  flow  is  ordinarily  sluggish.  Its  surface  elevation  changes 
according  to  the  lake  level,  and  the  stream  has  been  rightly  termed 
a  slack-water  estuary.  The  amount  of  sewage  discharged  into  the 
river  is  so  great,  its  current  is  so  slow,  and  its  volume  relatively  so 
small  that  the  water  of  the  river  is  nearly  always  foul  and  ill-smell- 
ing.   Besides  sewace,  the  river  receives  the  waters  from  several 
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small  brooks,  or  runs,  which  are  for  the  most  part  highly  polluted. 
Immense  quantities  of  manufacturing  wastes  are  discharged  into 
the  river  or  into  these  runs.  Fron>the  works  of  the  Standard  Oil 
Company  very  large  quantities  of  crude  oil  and  other  waste  prod- 
ucts are  discharged.  This  oily  matter  spreads  out  over  the  sur- 
face of  the  water,  giving  it  an  offensive  appearance  and  a  bad  odor, 
and,  what  is  more  important,  forms  a  film  which  prevents,  to  a 
great  extent,  the  absorption  of  oxygen  by  the  water.  As  a  result 
of  the  great  amount  of  pollution  which  the  river  water  receives 
and  of  this  lack  of  oxygen,  the  stream  is  nothing  more  nor  less 
than  an  elongated  septic  tank.  The  suspended  matter  of  the 
sewage  and  manufacturing  wastes,  together  with  the  sediment 
brought  down  from  the  upper  portions  of  the  watershed,  settles 
in  the  lower  reaches  of  the  river  and  forms  a  thick,  black  mud. 
This  decomposes  and  in  warm  weather  bubbles  of  gas  may  be 
seen  rising  through  the  water  and  breaking  at  the  surface. 
When  the  river  is  in  flood  some  of  the  mud  is  carried  out  into 
the  lake,  but  it  is  only  the  severe  freshets  which  scour  the  bot- 
tom of  the  river  to  an  appreciable  extent.  In  fact,  deposits  ac- 
cumulate so  constantly  that  it  is  necessary  to  dredge  the  channel 
continuous!}'  in  order  to  maintain  a  depth  of  water  sufficient 
for  navigation.  It  has  been  roughly  estimated  that  the 
amount  of  sediment  carried  into  the  lake  each  year  by  the  Cuya- 
hoga River  is  in  the  vicinity  of  200  000  cubic  yards.  ]\Iost  of  this 
is  transported  during  the  spring  freshets,  when  the  discharge  of 
the  river  occasionally  amounts  to  5  000  or  10  000  en.  ft.  per  sec. 
The  flood  of  January  22,  1904,  which  produced  a  daily  discharge  of 
nearly  25  000  cu.  ft.  per  sec,  and  which  maintained  a  discharge  of 
more  than  10  000  cu.  ft.  per  sec.  for  several  days,  caused  such  a 
scouring  of  the  rixer  l)ed  that  more  than  200  000  cubic  yards 
of  nmd  were  carried  into  tlie  lake  in  one  week. 

The  mud  in  the  river  and  harbor  of  Cleveland  is  polluted. 
Ordinarily  it  contains  from  1  000  000  to  5  000  000  bacteria  ])er 
gram  and  shows  the  presence  of  B.  coll  in  large  numbers.  It 
also  contains  in  large  numbers  another  organism  similar  in  some 
respects  to  B.  coll,  and  one  wliich  has  been  found  to  be  quite  widely 
distributed  through  the  water  of  the  lake  in  the  vicinity  of  Cleve- 
land.    The  samples  of  nmd  invariably  have  an  oily  odor. 
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The  pollution  which  the  lake  receives  from  the  Cuyahoga  River 
has  a  more  im]K)rtant  bearing  on  the  quality  of  the  water  supply 
of  the  city  than  the  sewage  discharged  along  the  lake  front, 
because  of  the  greater  volume  of  the  river.  There  is  good  reason 
to  believe  that  at  times  the  river  flows  as  a  well-defined  current 
out  into  the  lake  for  a  considerable  distance  from  the  shore, 
its  waters  gradually  dispersing  and  becoming  mixed  with  the 
water  of  the  lake.  The  result  is  that  when  the  conditions  are 
such  that  this  current  is  directed  straight  towards  the  intakes 
the  dilution  of  the  sewage  is  less,  and  the  pollution  of  the  water 
supply  greater,  than  it  would  be  if  the  sewage  were  discharged 
uniformly  along  the  entire  lake  front. 

Rocky  River.  The  Rocky  River  discharges  into  Lake  Erie  at  a 
point  about  six  miles  west  of  the  city.  It  has  a  drainage  area  of 
347  square  miles,  on  which  dwells  a  population  of  about  15  000 
people  or  72  per  square  mile.  The  river  receives  only  a  small 
amount  of  direct    sewage   pollution. 

Mud  Deposits  and  the  Shore  Wash.  Through  the  constant 
discharge  of  sewage,  manufacturing  wastes,  and  other  polluting 
substances  into  the  lake  for  many  years,  the  shores  of  the  lake  in 
front  of  Cleveland  are  unclean  and  the  deposits  along  the  shores 
are  foul.  When  these  deposits  are  stirred  up  through  the  action 
of  the  wind  and  waves,  the  suspended  matter  is  carried  out  into 
the  bay,  only  to  be  depositedagain  when  the  water  becomes  quiet. 
Thus  for  many  years  the  mud  at  the  bottom  of  the  lake  has  been 
gradually  becoming  polluted  for  greater  and  greater  distances 
from  the  shore. 

The  streams  along  the  shore  have  been  discharging  great  quan- 
tities of  silt  and  clay  into  the  lake  for  many  years,  and  while 
in  many  places  near  Cleveland  the  bottom  of  the  lake  is  sandy  or 
rocky,  there  are,  according  to  the  government  charts,  large  areas 
covered  with  clay  or  mud.  At  certain  seasons  of  the  year,  espe- 
cially during  the  spring  and  fall,  when  the  temperature  differen- 
tials between  the  surface  and  bottom  are  small,  the  action  of  the 
wind  stirs  up  this  clay  and  mud.  and  materially  increases  the 
turbidity  of  the  water  in  this  portion  of  the  lake. 

The  Dumping  of  Dredged  Material.  The  material  dredged  from 
the  river  and  harbor  has,  until  recently,  been  dumped  into  the 
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lake  between  the  first  and  second  temporary  cribs,  on  the  line 
of  the  new  tunnel.  The  boundaries  of  this  dumping  ground 
were  officially  establi,shed  by  the  United  States  Government  a 
number  of  years  ago.  The  dumping  ground  was  a  rectangle  formed 
by  north,  south,  east,  and  west  lines  drawn  through  Crib  No.  1  and 
Crib  No.  2.  All  material  dredged  from  the  harbor  was  required 
to  be  dumped  within  this  area,  and  a  float  to  mark  the  spot  was 
established  by  the  United  States  engineers,  about  ten  thousand 
feet  southeast  of  the  new  intake.  The  amount  of  mud  and  clay 
dredged  every  year  from  the  Cuyahoga  River  and  the  harbor  of 
Cleveland  is  said  to  be  about  two  hundred  thousand  cubic  yards, 
which  is  approximately  the  annual  amount  of  material  carried  in 
suspension  by  the  river  during  the  year. 

The  night  soil  of  the  city  is  taken  in  scows  and  is  carried  out 
into  the  lake  eight  or  ten  miles  from  the  intake  and  dumped.  The 
scows  in  their  ordinary  course  pass  within  about  half  a  mile  of  the 
new  intake. 

The  effect  of  the  dumping  of  polluted  material  from  the  river  and 
harbor  upon  the  quality  of  the  water  in  the  city  was  occasionally 
evident  in  the  analyses.  On  June  4  an  inspection  of  the  dump- 
ing ground  was  made  and  the  operation  of  dumping  witnessed.  It 
was  found  that  the  surface  of  the  water  in  the  vicinity  of  the  float 
was  covered  with  a  thin  film  of  oil  which  spread  out  over  a  wide 
area.  This  oil  came  from  the  mud.  A  sample  of  water  was 
collected  near  the  float  immediately  after  the  scow  had  dumped, 
an.]  a  series  of  samples  was  taken  at  intervals  of  about  one  quarter 
of  a  mile  along  the  line  in  the  direction  in  which  the  wind  happened 
to  be  blowing,  namely,  towards  the  east.  The  w^ater  had  an  oily 
odor  for  more  than  a  mile  from  the  dumping  ground.  The 
number  of  bacteria  decreased  from  the  dumping  ground  towards 
the  eastward,  but  the  colon  bacillus  could  be  detected  in  all  of  the 
samples.  Had  the  wind  been  blowing  towards  the  intake,  i.  c, 
from  the  southeast  instead  of  from  the  west,  the  oily  water  would 
have  been  driven  nearly  to  the  intake  of  the  water  supply.  Sam- 
ples of  mud  from  the  river  and  from  the  bottom  of  the  lake  taken 
on  the  same  day  showed  marked  variations  in  their  bacterial 
contents.  The  mud  dredged  from  the  Cuyahoga  River  contained 
26  000  000  bacteria  per  gram  of  dry  material,  while  the  mud  from 
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the  bottom  of  the  dumping  ground  contained  31  000  000.  A  second 
sample  of  nmd  a  short  dit^tance  from  tlie  float  contained  about 
20  000  000.  A  sample  from  the  bottom  of  the  lake  at  the  east  end 
of  the  dumping  ground  contained  only  125  000,  while  a  sam])le 
of  sand  from  the  bottom  between  Cribs  No.  2  and  No.  3  contained 
only  154  per  gram,  ^loreover,  the  last  two  samples  gave  negative 
tests  for  B.  coli,  while  the  others  gave  positive  tests.  Prior  to 
June  4  samples  of  water  collected  at  the  Kiilland  Street  pumping 
station  had,  in  a  few  instances,  distinct  oily  odors,  and  it  had  been 
observed  that  when  such  odors  were  present  the  samples  some- 
times contained  the  colon  bacillus  in  small  numbers.  On  investi- 
gation it  was  found  that  these  conditions  existed  when  the  wind 
had  been  blowing  briskly  from  the  southeast,  and  it  seemed  obvi- 
ous that  the  water  at  such  times  was  influenced  by  the  material 
deposited  at  the  authorized  dumping  ground. 

On  September  3  other  samples  were  collected  at  the  dumping 
ground  imn.ediately  after  dumping  and  several  hours  after  that. 
Samples  collected  immediately  after  the  scow  had  dumped  showed 
a  high  turbidity  and  large  numbers  of  bacteria  near  the  surface, 
and  also  at  the  bottom,  with  fewer  bacteria  at  the  mid-depth. 
Three  hours  later  the  conditions  at  the  surface  had  improved 
but  the  number  of  bacteria  at  the  bottom  remained  high.  The 
test  for  the  colon  bacillus  corresponded  with  these  results  of 
turbidity. 

There  has  been  no  evidence  as  yet  to  show  that  the  dumping  of 
dredged  material  has  caused  an  actual  infection  of  the  water 
supply,  but  evidently  the  deposition  of  polluted  mud  at  the  point 
mentioned  was  a  menace  to  the  sanitary  quality  of  the  water 
supply  and  hence  to  the  health  of  the  community.  The  matter 
was  reported  to  the  War  Department  through  the  United  States 
Engineers,  and  as  a  result  a  new  dumping  ground  was  authorized. 
This  was  located  about  two  miles  from  the  shore,  opposite  Dean 
Street.  It  consisted  of  a  rectangle  2  miles  long  and  1  mile 
wide,  parallel  with  the  shore. 

Accidental  Pollution  from  Boats.  The  steamers  plying  between 
Cleveland  and  various  other  cities  on  the  lake  pass  within  a  mile 
or  so  of  the  water- works  intake,  and  some  of  the  fishing  boats 
and  scows  often  pass  much  nearer.     It  is  probable  that  the  effect 
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of  accidental  pollution  from  these  boats  would  be  extremely 
small,  yet  it  is  witliin  the  bounds  of  possibility.  This  accidental 
])()llutinii  is,  of  course,  beyond  the  control  of  the  city. 

Pull  tit  ion  at  the  Crib.  The  crib  is  used  as  a  lighthouse,  and  this 
necessitates  the  constant  presence  of  a  keeper.  At  times,  also, 
when  repairs  are  being  made,  several  men  may  be  employed  at  the 
crib  for  a  number  of  days.  The  disposal  of  fecal  matter  at  the 
crib,  therefore,  becomes  a  matter  of  importance.  To  allow  it 
to  accumulate  at  the  crib  would  create  a  nuisance,  while  to  throw 
it  from  the  crib  into  the  lake  would  endanger  the  water  suppl}'. 
The  present  method  consists  in  carrying  the  material  in  a  row 
boat  and  dumping  it  into  the  lake  at  a  considerable  distance  from 
the  crib.  This  cannot  l^e  done  in  winter  and  it  is  evident  that  a 
well-regulated  system  of  disposal,  with  efficient  disinfection, 
should  be  maintained. 

Pollution  by  Leakage  into  the  Tunnel.  In  some  cases  where  a 
water  supply  has  been  drawn  from  a  lake  the  water  has  become 
polluted  by  leakage  into  the  tunnel  or  pipe-line.  This  matter 
has  been  given  careful  consideration,  but  from  the  data  collected 
there  is  no  reason  to  believe  that  such  pollution  of  the  water 
supply  of  Cleveland  does  or  can  take  place. 

TYPHOID  FEVER  IN  CLEVELAND. 

Past  History.  For  many  years  the  typhoid  fever  death-rate 
of  Cleveland  has  been  higher  than  it  should  be,  and  there  is  good 
reason  to  believe  that  this  has  been  due  largely  to  the  character 
of  the  public  water  supply.  Statistics  furnished  by  the  Depart- 
ment of  Public  Health  show  that  the  average  typhoid  death-rate 
for  the  32  years  from  1873  to  1904,  inclusive,  was  52  per  100  000, 
while  it  has  varied  in  different  years  from  21  to  1 14.  Tlic  following 
figures  show  the  number  of  years  when  the  typhoid  fe^•er  death- 
rate  has  been  between  certain  fiiiures: 
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Typhoid  Fever  Death-P>ate  Number  of  Years  when 

per  100  000.  this  Death-Rate  existed. 

Below  20 ' 0 

Between  20  and  ;3() 2 

Between  30  and  40 8 

Between  40  and  50 5 

Between  50  and  60   .    . 8 

Between  60  and  70 6 

Between  70  and  SO 1 

Between  SO  and  90 0 

Between  90  and  100 1 

Above  100       1 

Since  1880  there  has  been  a  general  lowering  of  the  rate,  due 
pro])ably  to  better  general  sanitation,  to  the  abandonment  of  local 
wells,  etc.  Thus,  during  the  ten  years  preceding  the  epidemic  of 
1903  the  average  death-rate  from  typhoid  fever  was  37  per  100  000, 
which  is  much  lower  than  the  average  for  the  entire  period.  This 
figure  is  only  slightly  above  the  average  for  the  cities  of  the  United 
States  which  have  more  than  30  000  inhabitants. 

The  records  of  the  United  States  Bureau  of  Labor  show  that  for 
the  six  years  from  1896  to  1901,  inclusive,  the  average  annual 
ty]:>hoid  fever  death-rate  for  the  19  000  000  people  included  in  these 
cities  has  varied  from  33  to  38  and  has  averaged  about  35  per 
100  000.  The  following  are  the  average  figures  for  the  six  years 
m.entioned  for  those  cities  which  had  more  than  100  000  inhabit- 
ants in  1900: 

Average  Typhoid  Fever  Death-R  ate  for  Six  Years  for  Those  Cities 
Which  had  More  thax  100  000  Ixhabitaxts  ix  1900. 

Name  of  City.  Rate. 

Pittsburgh 120.2 

Alleghany 96.6 

Washmgton      65.7 

Louisville      58.6 

Philadelphia 52.0 

Cleveland      50.1 

New  Orleans 48.3 

Denver      45.8 

Cincinnati 44.7 

]Mimieapolis      43.0 

New  Haven      42.6 

Kansas  City 42.2 

Los  Angeles 41.2 
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Name  of  City.  Rate. 

Indianapolis 38.8 

Memphis 36.2 

Baltimore 34.8 

Columbus 33.5 

St.  Louis 32.4 

Chicago 31.5 

Toledo 31.2 

Paterson 30.7 

San  Francisco 30.6 

Buffalo      28.5 

Boston 25.8 

Scranton 23.4 

Providence 22.9 

Omaha      22.5 

Newark 21.7 

Syracuse 21.0 

Jersey  City 20.4 

New  York 19.6 

Detroit      18.9 

St.  Paul 17.7 

Milwaukee 17.6 

Worcester 17.3 

Fall  River 16.0 

St.  Joseph 15.6 

Rochester 15.5 

It  will  be  seen  that  of  the  38  cities  which  had  more  than  100  000 
inhabitants  at  the  time  of  the  last  census,  32  had  lower  ty])hoid 
rates  than  Cleveland  and  only  5  had  higher  rates. 

As  a  general  rule  a  continued  typhoid  death-rate  above  20  is  an 
indication  that  something  is  at  fault  with  the  public  water  supply, 
and  the  rate  for  Cleveland  was  above  this  for  more  than  thirt}' 
years.  During  1903  the  city  was  visited  by  a  severe  epidemic 
of  typhoid  fever  which  continued  for  many  months  and  gave 
a  yearly  death-rate  of  114  per  100  000,  and  again  during  the  spring 
of  1904  another  epidemic  occurred  which  caused  a  death-rate 
for  the  year  of  48  per  100  000.  Had  this  epidemic  not  been 
checked  by  the  use  of  water  from  the  new  intake,  it  would  prob- 
ably have  exceeded  in  intensity  the  epidemic  of  any  ])receding 
year.     Details  of  these  epidemics  are  given  below. 

The  statistics  do  not  point  to  a  well-marked  seasonal  distri- 
bution of  typhoid  fever  in  Cleveland,  although  ordinarily  the 
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disease  has  been  most  prevalent  during  the  autumn,  as  is  the  case 
in  most  cities.  During  several  years  the  maximum  number  of 
cases  occurred  in  the  spring,  while  the  epidemics  of  1903  and  1904 
both  started  in  the  winter.  This  abnormal  seasonal  distribution, 
taken  in  connection  with  the  general  high  typhoid  fever  death- 
rate  of  the  cit}^  and  the  general  distribution  of  the  cases  through- 
out the  city,  are  all  facts  which  point  to  the  public  water  su])ply 
as  being  the  cause  of  most  of  the  typhoid. 

Comparison  of  the  annual  typhoid  fever  death-rates  of  Cleveland 
with  those  of  other  cities  on  Lake  Erie  fails  to  show  any  relation 
between  them,  and,  as  will  be  pointed  out  later,  there  is  no  reason 
to  believe  that  any  of  the  cities  on  the  watershed  of  Lake  Erie 
are  in  any  way  responsible  for  the  typhoid  fever  in  Cleveland, 
unless  we  except  those  which  drain  directly  into  the  Cuyahoga 
River,  and  even  in  the  case  of  Akron,  the  largest  city  on  the 
Cuyahoga  River  watershed,  no  direct  correspondence  can  be 
discerned  from  the  statistics.  The  evidence  seems  conclusive 
that  the  greater  part  of  the  typhoid  fever  in  Cleveland  in  the  past 
has  been  due  to  infected  sewage  of  the  city  which  has  reached 
the  public  water  supply,  and  there  is  further  reason  to  believe 
that  that  part  of  the  sewage  which  enters  the  Cuyahoga  River 
has  been  chiefly  responsible  for  it. 

Typhoid  Fever  in  1902.  During  the  year  1902  there  was  less 
typhoid  fever  in  Cleveland  than  usual,  the  death-rate  being  only 
33  per  100  000  inhabitants,  yet  even  during  this  year  it  is  ])ossible 
to  detect  some  relation  between  the  prevalence  of  typhoid  fever  and 
the  probable  pollution  of  the  water  supply.     (See  diagram.  Fig.  2.) 

The  old  intake  was  so  situated  that  when  the  wind  was  blowing 
from  the  south  or  southeast  the  water  of  the  Cuyahoga  River  and 
the  sewage  of  the  city  would  be  carried  toward  it  (see  map, 
Fig.  1),  and  if  the  wind  was  strong  enough,  and  the  flow  of  the 
river  sufficient,  evidence  of  the  pollution  was  often  shown  by 
the  oily  odor  of  the  Avater.  Further  evidence  is  furnished  by 
the  typhoid  fever  statistics.  In  looking  over  the  records  for  the 
year  1902  all  of  the  fluctuations  in  the  typhoid  fever  cases  cannot 
be  explained,  but  it  is  noticeable  that  whenever  the  Cuyahoga 
River  was  in  flood,  and  when  at  the  same  time  the  wind  was 
blowing  strongly  from  the  south  or  southeast,  thus  producing  a 
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fall  in  the  lake  level,  an  increase  of  typhoid  fever  occurred  within 
about  ten  days  or  two  weeks  thereafter.  It  is  noticeable  also 
that  floods  in  the  river  which  occurred  when  the  winds  were 
blowing  towards  the  shore  instead  of  away  from  it,  thus  producing 
a  rise  in  the  lake  level,  were  not  followed  by  typhoid  fever,  and 
southeasterly  gales  not  accomjianied  by  a  moderate  flood  in  the 
river  did  not  cause  a  material  increase  in  the  number  of  cases.  It 
appeared  to  be  necessary  to  have  the  two  conditions  operating 
together  in  order  to  cause  a  pollution  of  the  water  at  the  old  intake, 
sufficient  to  show  a  rise  in  the  tyi:)hoid  morbidity  rate  of  the  city. 
The  fact  should  be  noted,  however,  that  a  severe  west  wind 
sometimes  causes  the  lake  level  to  drop.  The  following  may  be 
taken  as  typical  examples: 

There  are  no  data  for  the  discharge  of  the  Cuyahoga  River  prior 
to  ]March  12,  1902,  hence  no  comparisons  can  be  made  before  that 
date.  During  the  early  part  of  the  year  1902,  there  were  3  days 
when  the  number  of  reported  eases  of  ty])hoid  showed  a  decided 
increase,  namely,  on  .January  1 0, . January  1 6.  and  .January  24.  It  is 
worth  notice  that  8  days  before  January  10  there  was  a  drop  in  the 
lake  level  due  to  a  strong  south  and  southeast  wind;  11  days 
before  the  16th,  there  was  a  similar  lowering  of  the  level  from 
the  same  cause,  and  9  days  before  the  24th  there  was  also  a  lower- 
ing of  the  lake  level.  Yet  on  the  20th  a  severe  southeast  wind 
was  not  followed  by  typhoid  fever,  unless  the  slight  increase  on 
February  4,  1.5  days  after,  was  due  to  it. 

In  making  these  and  other  similar  comparisons  it  must  be 
remembered  that  the  dates  when  the  cases  were  reported  are 
not  always  the  dates  when  the  patients  were  taken  sick  (although 
the  two  dates  ought  not  to  differ  widely,  and  seldom  do  except 
in  the  hospital  cases). 

On  ^larch  12,  1902,  there  was  a  severe  southeasterly  storm,  the 
total  wind  movement  for  the  day  being  689  miles,  and  the 
velocity  exceeding  30  miles  an  hour  for  nine  hours.  This 
was  accompanied  by  a  rainfall  which  produced  a  slight  flood  in 
the  river.  Eight  days  later  there  was  a  marked  increase  in  the 
number  of  typhoid  fever  cases  in  the  city,  and  the  number  would 
probably  have  been  larger  if  the  wind  had  not  changed  on  the 
following  day  and  blown  strongly  from    the    west.     On    May    5 
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there  was. a  similar  flood  of  the  river,  accompanied  by  a  southeast 
wind,  which  was  followed,  after  8  days,  by  an  increase  of  typhoid 
fever.  On  July  1,  2,  and  3  the  river  was  again  in  flood,  with 
the  wind  blowing  strongly  from  the  southeast,  and  after  8  or  10 
days  there  was  an  increase  of  typhoid  fever.  On  September  28 
there  was  a  moderate  flood  of  the  river  and  a  southeast  wind 
which  was  followed  by  a  slight  increase  of  typhoid  fever,  and  the 
same  was  true  on  August  20  and  November  18.  Between 
December  16  and  December  23  the  conditions  of  wind  and 
stream  flow  were  for  several  days  so  favorable  to  the  pollution 
of  the  water  supply  that  they  may  be  said  to  have  given  rise  to 
the  epidemic  which  occurred  in  1903,  and  which  is  described  below. 
On  the  other  hand  a  freshet,  which  occurred  on  April  9,  1902, 
raised  the  stream  flow  to  10  300  cubic  feet  per  second,  but  at  this 
time  there  was  a  strong  northeast  wind  which  apparently  raised 
the  lake  level  and  protected  the  intake  from  pollution,  as  it  was 
not  followed  by  an  increase  of  typhoid  fever.  This  was  also  true 
of  the  floods  which  occurred  on  jNlarch  29,  June  29,  and  July 
29.  On  June  15,  the  river  was  in  flood,  but  at  this  time, 
although  the  wind  was  blowing  from  the  southeast,  the  velocity 
was  very  low  and  no  typhoid  fever  resulted.  An  increase  of 
typhoid  fever  on  August  17  occurred  9  days  after  a  slight 
flood  in  the  river  when  the  wind  was  blowing  from  the  west. 

Throughout  the  year  there  were  many  times  when  the  wind 
blew  strongly  from  the  south  or  southeast,  unaccompanied  by  a 
high  river  flow,  but  so  far  as  can  be  learned  from  the  statistics 
these  occasions  were  not  followed  l:)y  typhoid. 

It  is  not  to  be  presumed  that  all  typhoid  fever  in  the  city  can 
be  traced  to  the  drinking  water,  because  milk,  various  foods, 
flies,  etc.,  may  spread  infection.  Yet  in  spite  of  this  the  evidence 
seems  sufficient  to  show  that  even  in  a  year  when  typhoid  fever 
was  not  more  than  usually  prevalent  the  connection  between 
j)()llution  of  the  public  water  supply  and  the  sudden  outlireaks 
■of  diseases  could  be  detected. 

Typhoid  Fever  in  1903.  The  ty])hoid  fever  epidemic  in  1903 
may  be  said  to  have  begun  on  Januai-y  6,  when  9  new  cases  were 
reported.  This  was  just  10  days  after  a  heavy  rainfall,  which 
increased  the  discharge  of  the  river  and  which  was  followed  by 
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fresh  southeasterly  winds.  For  two  or  three  weeks  previous  to 
this  the  river  had  maintained  a  discharge  of  more  than  2  000 
cu.  ft.  per  sec.  and  the  winds  had  been  high,  causing  unusually 
great  fluctuations  of  the  lake  level.  On  January  4  the  stream 
discharge  increased  to  4  600  cu.  ft.  per  sec,  and  between  Januar}' 7 
and  January  15  the  winds  were  again  strong  and  the  fluctuations 
of  the  lake  level  considerable.  Thus,  between  January  8  and  9 
the  lake  level  dropjoed  0.6  foot  and  between  January  11  and  12 
0.9  foot.  About  ten  or  twelve  days  later  new  cases  of  typhoid 
fever  became  still  more  numerous,  but  after  January  27  they 
became  fewer.  On  January  27,  28,  and  29,  the  flow  of  the 
Cuyahoga  River  increased  to  8  400  cu.  ft.  per  sec. ,  and  on  the  30th, 
under  the  influence  of  a  strong  southwest  wind,  the  total  wind 
movement  for  the  day  being  923  miles,  the  lake  level  was  lowered 
0.5  foot,  the  whole  mass  of  water  in  the  lake  being  driven  east- 
ward. Ten  days  later  the  number  of  typhoid  fever  cases  again 
increased 

On  February  2,  3.  and  4  there  was  a  second  freshet.  The 
discharge  of  the  ri^•er  reached  8  300  cu.  Ft.  ])er  sec,  and  another 
strong  west  wind  drove  the  water  eastward  and  lowered  the  level 
of  the  lake  1.1  feet.  Fifteen  days  after  that  there  were  34  new 
cases  of  typhoid  fever  reported  in  one  day. 

On  February  8  there  was  another  droj:)  in  the  lake  level  which 
amounted  to  1.7  feet,  due  to  a  westerly  wind,  and  fifteen  days  after 
there  were  forty-three  new  cases  reported  in  a  single  day.  From 
this  time  on,  through  the  spring  and  summer,  large  numbers  of  new 
cases  were  reported  daily.  As  the  sewage  of  the  city  became  more 
and  more  infected  with  typhoid  bacilli  a  smaller  amount  of  pollu- 
tion of  the  water  supply  would  give  rise  to  greater  numbers  of 
typhoid  fever  cases.  Under  the  existing  conditions  the  epidemic 
was  in  a  sense  self-sustaining,  the  typhoid  germs  making  the 
circuit  from  one  individual  to  another  through  sewer,  lake,  tunnel, 
and  distribution  pipes. 

It  is  impossible  to  explain  all  of  the  fluctuations  in  the  typhoid 
morl)idity  during  this  period,  but  the  data  at  hand  indicate  that 
the  wind  exerted  the  controlling  influence  on  the  typhoid  fever 
in  the  city.  This  is  illustrated  by  the  following  instances:  From 
Februar}^  18  to  February   23   the   prc\'ailing  wind  was  from  the 
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south,  and  on  the  23d  the  southerly  wind  movement  was  331  miles. 
This  fact  w'ould  explain  the  general  trend  of  the  typhoid  curv'e 
during  the  early  part  of  March,  with  its  climax  of  62  cases  on 
•March  5,  eleven  days  after  the  high  wind.  The  flood  of  Febru- 
ary 27  and  28,  wdth  its  southeasterly  wind  movement  of  616 
miles,  probably  caused  the  increase  in  the  number  of  cases  between 
]March  10  and  March  14,  but  the  effect  of  this  storm  does  not  seem 
to  have  produced  as  many  cases  as  would  be  naturally  expected. 
This  may  have  been  due  to  the  fact  that  the  severity  of  the  storm 
raised  the  general  lake  level  in  the  west  portion  of  the  lake,  so  that 
the  effect  of  the  discharge  of  the  river  was  less  than  it  would  have 
been  otherwise.  The  largest  number  of  cases  reported  on  any 
day  of  1903,  namely,  66.  occurred  on  ^larch  19,  and  was  pre- 
ceded 12  days  before  by  a  southeasterly  wind  movement  of 
398  miles,  accompanied  by  a  slight  flood  in  the  river.  After  this 
record-breaking  day  the  morbidity  fell  to  about  twenty  cases  per 
day.  An  increase  to  forty-three  cases  on  the  27th  followed  about 
8  days  after  another  heavy  southeasterly  wind.  On  March  30, 
the  wind  was  in  the  southeast,  and  11  days  later  there  was 
another  rise  in  the  typhoid  curve.  During  March  the  general 
lake  level  rose  rapidly  and  the  river  discharge  steadily  decreased. 
This  tended  to  reduce  the  danger  from  pollution,  and  the  typhoid 
morbidity  would  probably  have  been  less  had  not  the  wind  at 
times  continued  to  blow  strongly  from  the  southeast. 

During  the  first  three  weeks  of  April  there  was  a  general  down- 
ward trend  of  the  typhoid  curve;  but  the  southeasterly  storm  of 
April  3.  accompanied  by  a  flood  in  the  river,  prevented  the 
morbidity  from  falling  as  it  probably  otherwise  would  have  done, 
while  a  second  storm  on  the  11th  caused  the  morbidity  rate  to  rise 
again.  Twelve  days  after  this  date  51  cases  Avere  reported 
in  a  single  day.  After  this  there  was  a  dro]-)  in  the  morbidity  due 
to  a  two-weeks  period  of  calm  weather. 

lOai'ly  in  May  the  typhoid  morbidity  again  increased  and  re- 
mained high,  though  gradually  decreasing  throughout  the  month, 
l)eing  kept  up  by  constant  south  and  southeast  winds.  By  the 
first  of  June  very  few  new  cases  were  being  reported,  but 
they  soon  began  to  increase  again,  and  on  June  11,  52  new 
cases  occurred  in  one  dav.     This   followed  12  or  14  days  after 
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some  rather  violent  fiuctiiatioiis  of  the  lake  levels  and  10  days 
after  a  heavy  rain.  On  the  IDth,  45  new  cases  were  reported, 
13  days  after  another  southeasterly  storm. 

Throughout  the  summer  of  1903  ty|>hoid  fever  was  constantly 
present  in  the  city,  and  whenever  the  winds  were  favorable  there 
was  an  increase  in  the  morbidity  rate.  On  .Iul>-  30  there  were  30 
new  cases,  11  days  after  high  southerly  winds.  On  .July  17  there 
were  28  cases  in  one  day,  12  days  after  a  heavy  rain.  Continued 
southerly  winds  during  the  first  half  of  July  were  followed  by 
a  high  morbidity  rate  during  the  last  half. 

During  the  first  two  weeks  of  August  thei'e  was  a  slight  decrease 
in  the  morbidity,  but  from  the  15th  to  the  20th  there  was  an  in- 
crease which  followed  about  two  weeks  after  a  slight  flood  in  the 
river.  From  then  until  the  9th  of  September  the  rate  was  fairly 
low.  On  August  27,  however,  there  was  a  severe  rain  which 
caused  the  discharge  of  the  Cuyahoga  lliver  to  rise  to  11  000 
cu.  ft.  per  see.  The  lake  level  at  this  time  fluctuated  consider- 
ably and  12  days  later  the  daily  number  of  cases  jum])ed  first 
to  27  and  then  to  30  and  31. 

From  this  time  on  throughout  the  year  the  numbers  of  the  new 
cases  were  comparatively  small,  l^ut  there  were  few  days  when  no 
new  cases  were  reported.  Septemlier  was  a  month  of  high 
southeast  winds.  The  total  southeasterly  wind  movement  was 
2  309  miles.  This  fact  probably  explains  the  constant  presence 
of  typhoid  fever  at  that  time.  During  October  the  southeasterly 
wind  movement  was  lower  and  the  amount  of  typhoid  fever  in 
the  city  was  also  less.  On  September  17  and  18  there  was  a 
heavy  rain  accompanied  by  a  drop  in  the  lake  level,  due  to  a 
strong  west  Avind  which  drove  the  lake  water  towards  the  easterly 
end  of  the  lake.  About  two  weeks  after  this  there  was  another 
rise  in  the  typhoid  curve.  On  Octolier  4  there  was  another  rain 
with  a  southeast  wind,  and  aft'^i'  11  days  this  was  followed 
by  a  slight  increase  of  typhoid  fever.  On  October  7  and  8 
there  was  a  severe  southeasterly  storm,  which  caused  a  slight 
flood  in  the  river.  Init  this  apparently  caused  only  a  slight  increase 
in  the  typhoid  curve. 

During  Novemfier  the  typhoid  moil)i(iity  rate  was  relatively 
low  in  spite  of  the  fact  that  there  were  consideralde  fluctuations 
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in  the  lake  level.  Aj^jjaiently  the  sewage  of  the  city  was  beconiing 
less  infected  than  it  had  been.  On  November  11,  however,  the 
southeasterly  wind  movement  was  462  miles,  and  9  days  later 
typhoid  increased  slightly.  On  November  16  and  17  there  was 
another  southerly  storm  which  produced  a  slight  flood  in  the  river. 
This  was  the  beginning  of  a  new  period  of  infection  which  extended 
over  the  two  first  weeks  in  December  and  reached  climatical 
points  on  December  8  and  December  12.  both  of  which  occurred 
about  two  weeks  after  sudden  drops  in  the  lake  level.  During 
the  last  two  weeks  of  December  typhoid  fever  was  continually 
present  in  the  city,  but  the  amount  was  small. 

During  the  year  1903  there  were  3  443  cases  of  typhoid  fever 
reported  and  472  deaths.  The  ratio  of  reported  cases  to  deaths 
was  7.3  to  1.  Under  ordinary  conditions  this  ratio  is  as  high  as 
10  or  12  to  1,  and  at  times  as  high  as  15  to  1.  That  is,  ordinarily, 
there  are  10  or  15  cases  for  every  death.  ]\Iany  of  the  cases  in 
the  citv  were,  of  course,  mild,  and  were  never  reported  to  the 
Health  Department.  Assuming  the  ratio  of  cases  to  deaths  to 
be  12  to  1  we  find  there  must  have  been  in  Cleveland  during  the 
year  1903  as  many  as  5  650  cases  of  typhoid  fever. 

Tiiphokl  Fever  in  1904-  -^^  the  beginning  of  the  year  1904 
typhoid  fever  was  prevalent  in  Cleveland,  but  the  number  of  new 
cases  reported  daily  was  cjuite  low.  seldom  exceeding  five.  On 
January  20,  21,  and  22  there  occurred  a  memorable  flood.  The 
rainfall  for  the  three  days  was  2.57  inches,  while  the  wind  blew 
sti'ongly  from  the  southeast.  [Moreover,  on  the  clay  preceding 
this  storm  the  southeasterly  wind  movement  was  515  miles.  On 
the  21st  the  discharge  of  the  Cuyahoga  River  rose  to  more  than 
23  000  cu.  ft.  per  sec. ,  and  for  more  than,  a  week  it  remained  above 
5  000  cu.  ft.  per  sec.  The  flood  was  so  great  that  it  washed  out  of 
the  river  bed  immense  quantities  of  mud.  From  data  in  possession 
of  the  Ignited  States  engineers  it  seems  ])robable  that  at  this 
time  more  than  200  000  cubic  yards  of  mud  were  carried  down 
the  river  into  the  lake.  This  is  more  than  the  entire  amount 
ordinarily  discharged  in  a  whole  year.  On  January  31,  just 
10  days  after  the  flood,  typhoid  fever  began  to  increase  again  and 
continued  to  increase  until  February  10,  when  25  new  cases  were 
rej)orted  in  one  day.     After  that  they  decreased  for  several  dr.ys. 
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On  February  6  and  7  anotlier  soutiierly  i^^torni  caused  a  second 
flood  in  the  river.  This  "was  much  less  severe  than  the  one  pre- 
viously mentioned,  but  the  discharge  of  the  stream  rose  to  more 
than  11  000  cu.  ft.  per  sec.  and  remained  higher  than  3  000  cu.  ft. 
per  sec.  for  about  a  week.  The  sewage  of  the  city  had  by  this 
time  become  thoroughly  infected  with  the  bacilli  of  typhoid 
fever,  so  that  the  effect  of  a  flood  on  February  7  was  to  cause 
the  number  of  cases  to  increase  on  February  17  to  47  per  day. 
A  week  of  calm  weather  followed  this  storm  and  the  amount 
of  typhoid  fever  in  the  city  dropped  off.  On  the  13th  and  14th 
of  February  there  occurred  a  very  strong    southeast    wind,    and 

10  da^vs  later  the  morbidity  rate  rose  again.  A  southeast  wind 
on  February  21  caused  another  increase,  which  carried  the 
number  of  cases  to  57  on  February  29.  They  remained  high  for 
several  days  and  then  decreased,  because  of  the  timely  introduc- 
tion of  water  from  the  new  crib,  as  described  below. 

During  the  last  few  days  of  February  another  very  severe 
southeast   storm  occurred.     The  discharge  of  the  river  rose  to 

11  000  cu.  ft.  per  sec,  and  remained  above  5  000  cu.  ft.  per  sec.  for 
more  than  a  week.  During  this  time,  moreover,  the  lake  level  fluc- 
tuated considerably.  The  conditions  were  all  favorable  for  a  contin- 
uance of  the  epidemic,  and  the  sewage  at  that  time  was  probably 
more  strongly  infected  with  the  bacilli  of  typhoid  fever  than  at 
any  other  time  during  the  preceding  year.  Had  it  not  been,  there- 
fore, for  the  introduction  of  water  from  the  new  crib  there  is  every 
reason  to  believe  that  the  epidemic  would  have  assumed  much 
more  serious  proportions  than  at  any  time  during  the  pre- 
vious year,  and  before  the  effect  of  this  climax  could  have  passed 
the  conditions  again  became  favorable  for  further  infection  of 
the  supply.  On  March  25  and  26  there  was  another  .south- 
easterly storm  which  carried  the  discharge  of  the  Cuyahoga  River 
to  1 1  000  cu.  ft.  per  sec,  and  on  the  31st  of  ^larch  there  was  another 
storm  which  caused  the  river  to  again  rise  to  11  000  cu.  ft.  per  sec. 
Each  of  these  storms  would  unquestionably  have  given  the 
typhoid  fever  epidemic  a  new  stimulus  and  would  have  produced 
appalling  results.  The  month  of  April  was  comparatively  free 
of  .southeasterly  winds,  and  the  results  of  this  would  probably 
have  been   to  check  the  intensity  of  the  epidemic. 


288  CLEVELAND    TYPHOID    FEVER    EPIDEMIC,    1903-1904. 

Before  the  epidemic,  however,  could  have  been  checked  by 
natural  causes  the  new  water  supply  was  gradually  introduced, 
and  with  the  introduction  of  the  purer  water  the  long  typhoid 
fever  epidemic,  which  really  may  be  considered  to  have  covered 
about  sixteen  months,  drew  to  a  close. 

During  the  sixteen  months  from  January,  1903,  until  May, 
1904,  there  were  4  578  cases  of  typhoid  fever  reported  to  the 
Health  Department  in  Cleveland,  and  611  deaths.  If  we  assume 
the  true  ratio  of  cases  to  deaths  as  12  to  1  we  find  that  the  actual 
number  of  cases  in  the  city  during  that  period  was  over  7  000. 
This  was  practically  one  case  for  every  60  inhabitants  of  the  city. 
It  would  be  a  very  conservative  estimate  to  place  the  financial 
loss  of  the  city  due  to  this  epidemic  as  upwards  of  .f3  000  000. 

The  introduction  of  water  from  the  new  intake  took  place  as 
follows:  The  pumps  at  the  Kirtland  Street  station  were  started 
on  February  10,  1904,  and  the  pumps  at  the  Division  Street  station 
were  finally  shut  down  on  April  7.  Between  these  two  dates 
water  was  drawn  from  both  intakes.  Between  February  10 
and  February  22  only  a  small  amount  of  water  was  pumped  at 
Kirtland  Street,  but  between  February  22  and  March  1  about 
one  half  of  the  water  was  drawn  from  each  crib.  Betw^een  March 
1  and  March  15  three  quarters  to  five  sixths  of  the  water  was 
pumped  from  the  new  crib  and  between  March  15  and  March  31, 
about  three  quarters.  Since  April  7  all  of  the  water  has  been 
drawn  from  the  new  steel  crib  except  for  a  short  time  on  July  21. 
when,  owing  to  the  necessity  of  temporarily  shutting  down  some 
of  the  pumps  at  Kirtland  Street,  it  was  necessary  to  pump  a 
small  amount  of  water  (about  one  fifth  of  the  supply  of  the  city) 
from  the  Division  Street  station. 

A  study  of  the  Health  Department  statistics  shows  that  the 
decrease  in  typhoid  fever  occurred  in  steps  which  corresponded 
with  the  progressive  increase  in  the  use  of  water  from  the  new 
intake.  It  must  be  remembered  that  the  period  of  incubation 
of  typhoid  fever  is  from  ten  daj^s  to  two  weeks  or  more,  so  that 
any  change  in  the  character  of  the  public  water  supply  would 
not  make  itself  felt  in  the  morbidity  rate  until  after  that  interval 
of  time.  Bearing  this  in  mind  the  following  figures  have  been 
compiled  from  the  records  of  the  Board  of  Health  to  illustrate  the 


WHIPPLE.  289 

relation  between  tlie  tyiihoid   morbidity  and   the  water  supjily 
of  the  city: 

Average  Number  of  New 
Period.  Cases  of  Typhoid  Fever 

Reported  Daily. 

January  1  to  January  31,  1904:    Period  prior  to 

the  epidemic  caused  by  flood 2.84 

February  1  to  March  5:  Period  of  epidemic  corre- 
sponding to  exclusive  use  of  old  supply     ....  20.91 

March  6  to  March  15:  Period  of  epidemic  corre- 
sponding to  use  of  one  half  of  supply  from  new 
intake  and  one  half  from  old  intake 11  10 

March  16  to  April  21:  Period  of  epidemi'c  corre- 
sponding to  use  of  three  quarters  of  supply  from 
new  intake 2.89 

April  22  to  December  31:  Period  corresponding  to 
exclusive  use  of  water  from  new  intake      ....  1.03 

The  epidemic  practically  ceased  al)out  the  end  of  April,  as  it 
seems  probable  that  most  of  the  cases  which  occurreci  during  ^lay 
were  of  secondary  origin,  that  is,  they  were  taken  from  previous 
cases  by  more  or  less  direct  contact.  During  the  summer  of  1904 
there  was  less  typhoid  in  the  city  than  in  1902,  which  was  a  favor- 
able year,  and  much  less  than  in  previous  years. 

At  certain  times,  however,  there  were  slight  recurrences  of 
the  disease,  a  few  cases  suddenly  appearing  at  one  time,  and  the 
number  then  falling  off,  and  often  becoming  zero.  In  comparing 
these  occasional  slight  outbreaks  with  the  wind  and  rainfall 
records,  as  was  done  for  the  epidemic  period,  it  is  noticeable  that 
in  some  cases  the  outbreak  occurred  ten  or  twelve  days  after  a 
disturbance  of  the  lake  level  by  a  southerly  wind  or  flood.  The 
evidence  is  not  sufficiently  strong,  however,  to  trace  these  cases 
to  the  water  supply.  The  increased  number  of  cases  during  the 
autur  n  may  be  easily  accounted  for  by  other  causes,  and  som.e 
of  them  are  known  to  have  been  imported.  It  seems  possible 
that  a  few  of  the  cases  in  August  may  have  been  due  to  the  use 
of  water  from  the  old  intake  on  July  21.  l)Ut  the  evidence  on  the 
point  is  not  strong. 

It  must  be  remembered,  always,  that  typhoid  fever  is  trans- 
mitted by  other  vehicles  than  water,  and  that  during  the  autumn, 
especially,  typhoid  fever  is  often  ]-)resent   in  cities  which  have 
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water  supplies  of  undoubted  purity.  People  returning  from 
summer  vacations  often  hnng  the  disease  with  them,  and  in  large 
cities  this  is  always  an  important  factor. 

INVESTIGATION    AND    RESULTS. 

The  typhoid  fever  epidemic  of  1903-1904  led  to  an  extensive 
investigation  of  the  quality  of  the  water  of  Lake  Erie  in  the 
vicinity  of  Cleveland  to  determine  whether  or  not  the  water  from 
the  new  intake  could  be  considered  as  healthful  and  wholesome 
or  whether  it  ought  to  be  filtered.  Filtration  of  the  water  from 
the  old  intake  was  also  considered,  as  well  as  many  matters 
bearing  upon  future  policy  in  the  development  of  the  supply. 
These  studies  were  made  by  the  writer  under  the  direction  of 
Prof.  Edward  W.  Bemis,  the  superintendent  of  water  works, 
and  extended  from  February.  1904,  to  July,  1905.  During  the 
summer  of  1904  Mr.  Langdon  Pearse,  and  later.  ^Ir.  George  E. 
Willcomb,  assisted  in  the  work  as  resident  bacteriologists. 
Mr.  George  H.  Benzenberg,  C.  E.,  also  acted  as  consulting 
engineer.  The  local  health  authorities,  the  city  engineer's 
department,  and  the  United  States  engineers  contributed  many 
valuable  data,  while  the  laboratory  of  the  Health  Department 
at  the  Northwestern  University  ^ledical  College  was  placed  at  our 
disposal.  A  full  report  of  this  investigation  is  given  in  the  annual 
report  of  the  Cleveland  Water  Department  for  the  year  1905. 

The  report  describes  studies  of  the  currents  in  Lake  Erie,  both 
general  and  local,  and  the  effect  of  these  in  diverting  the  flow  of 
the  Cuyahoga  River  and  the  sewage  of  Cleveland  toward  or  away 
from  the  water-works  intakes.  The  influence  of  the  wind  and 
other  factors  is  also  carefully  studied.  Samples  of  lake  water 
and  the  water  in  the  city  mains  were  analyzed  daily  for  several 
months,  while  once  each  week  during  the  summer  special  samples 
were  taken  from  the  lake  at  twenty-five  stations  located  on  four 
parallel  lines  extending  outward  from  the  shore  and  above  and 
below  the  city.  The  farthest  of  these  samples  was  ten  miles 
distant  from  the  shore.  Float  experiments  were  also  made  in 
connection  with  the  study  of  currents.  All  these  data  are  given 
in  the  report. 

Time  will  not  permit  all  of  these  investigations  to  be  described, 
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but  the  results  and  recommendations,  so  far  as  tliey  bear  on  the 
general  problem,  were  as  follows: 

1.  The  water  of  Lake  Erie  at  the  Old  Crib  at  Cleveland,  which 
was  used  until  April,  1904,  often  showed  by  analysis  strong 
evidences  of  pollution  with  fecal  matter,  especially  at  times  when 
the  Cuyahoga  River  was  in  flood,  and  when  a  southeast  wind  was 
blowing.  It  was  a  dangerous  source  of  supply  and  it  should  never 
be  used  again  unless  filtered. 

2.  The  water  of  Lake  Erie  at  the  New  Crib  is  almost  unpolluted 
by  the  sewage  of  the  city  and  may  be  considered  at  the  present 
time  as  reasonably  safe  from  the  sanitary  standpoint. 

3.  Occasionally,  under  certain  unfavorable  conditions,  minute 
traces  of  pollution  have  been  detected  by  analysis  in  the  water  at 
the  New  Crib  and  under  extreme  meteorological  conditions,  such 
as  may  occur  at  infrequent  intervals,  it  is  possible  that  a  slight  and 
transitory  infection  of  the  new  supply  may  occur.  The  danger 
of  this,  however,  is  extremely  small  and  need  not  be  seriously 
considered  at  the  present  time. 

4.  As  the  use  of  the  water  from  the  old  intake  was  gradually 
abandoned  and  replaced  by  that  of  the  new  supply,  the  amount  of 
typhoid  fever  in  the  city  decreased  by  degrees  which  corresponded 
to  increasing  joroportionate  amounts  of  water  pumped  at  the 
Kirtland  Street  pumping  station;  and  since  the  water  from  the 
New  Crib  has  been  exclusively  used  the  typhoid  fever  death-rate 
in  the  city  has  been  quite  low.  During  the  year  1905,  this  rate 
was  only  18.0  per  100  000,  but  it  should  be  observed  that  the 
meteorological  conditions  tending  to  promote  pollution  of  the 
water  have  been  recently  more  favorable  than  during  previous 
years.  It  is  possible  that  more  serious  conditions  may  increase 
this  rate  very  slightly.  On  the  other  hand,  as  the  scattering 
foci  of  infection  in  the  region  around  Cleveland  become  less 
numerous,  the  rate  may  drop  still  lower. 

5.  After  the  comj^letion  of  the  intercepting  sewer  system,  the 
danger  of  pollution  of  the  water  at  the  New  Crib  will  gradually 
increase  as  the  city  grows,  until  eventually  the  quality  of  the  water 
may  be  affected  by  it  to  an  appreciable  extent.  Should  the 
sewage  be  purified  before  it  is  discharged  into  the  lake  this  would, 
of  course,  modify  the  situation;    but  to  purify  the  sewage  of  the 
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city  to  such  an  extent  as  to  remove  the  danger  of  infection  to  the 
lake  water  would  be  more  difficuh  and  much  more  costly  than  to 
filter  the  water.  It  is  not  likely  that  such  a  purification  of  the 
sewage  will  ever  be  undertaken. 

6.  The  lake  water  at  Cleveland  is  not  appreciably  jjoUuted  by 
other  than  local  sources,  although  there  are  faint  indications  of  the 
influence  of  the  sewage  of  Lorain  and  the  Black  River  on  the  lake 
water  a  few  miles  west  of  the  city.  There  is  no  general  pollution 
of  the  Lake  Erie  water  worthy  of  being  noticed  at  present  or 
likely  to  be  important  in  the  immediate  future.  Cleveland  alone 
is  responsible  for  the  pollution  of  her  water  supply. 

7.  The  water  of  Lake  Erie,  near  Cleveland,  is  at  times  objec- 
tionably turbid,  not  only  at  the  Old  Crib  but  at  the  New  Crib, 
and  even  for  several  miles  farther  into  the  lake.  This  turbidity 
is  due  chiefly  to  clay  and  silt  stirred  up  from  the  lake  bottom  by 
strong  winds,  but  to  some  extent  it  is  due  to  the  suspended  matter 
carried  into  the  lake  by  the  Cuyahoga  River  and  other  streams. 
It  gives  to  the  water  in  the  city  a  cloudy  appearance,  and  at  times 
causes  some  complaint. 

8.  The  water  from  the  new  intake  does  not  at  present  need 
filtration  from  the  sanitary  standpoint,  but  l)efore  many  years, 
when  the  lake  water  has  become  more  polluted,  filtration  will 
be  imperatively  necessary  in  order  to  protect  the  health  of  the 
city.  Furthermore,  the  standard  of  ciuality  of  public  water 
sui)]ilies  in  American  cities  is  rapidly  rising,  and  consumers  are 
more  and  more  demanding  water  which,  besides  being  safe,  is 
clear,  colorless,  an  d  attractive. 

9.  The  water  of  Lake  Erie  at  Cleveland  is  an  easy  one  to  purify, 
either  by  the  method  of  slow  sand  filtration  or  by  mechanical 
filtration.  It  is  naturally  devoid  of  color  and  its  turbidity  is 
seldom  excessive.  Filtration  of  this  water  would  render  it  emi- 
nentl_y  satisfactory  for  all  purposes,  and,  except  that  it  is  rather 
hard,  it  would  be  second  in  (juality  to  none  of  the  large  supplies 
of  the  country.  Even  its  hardness  might  be  somewhat  reduced 
by  chemical  treatment  before  filtration.  Inasmuch  as  either 
system  of  .filtration  is  applicable,  the  selection  of  the  one  to  be 
used  will  be  governed  b,y  questions  of  engineering  and  of  cost 
rather  than  by  comparisons  of  efficiency. 
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TABLE  No.  1. 

Population  and  Typhoid  J'kvku  Statistics  by  Years. 
Clevki-and,  Ohio. 


Deaths  from  Ty- 

Per  Cent. 

PHOID 

bEVER. 

Year. 

Estimated 
Population. 

Total 
Deaths. 

which  Typhoid 
Deaths  were  of 

Number 

Rate  per 

of  Deaths. 

100  000. 

Total  Deaths. 

1873 

113  025 

2  641 

68 

60 

2.57 

1874 

119  757 

2  190 

81 

68 

3.70 

1875 

126  489 

2  962 

65 

51 

2.20 

1876 

133  221 

— 

65 

49 

— 

1877 

139  953 

2  903 

82 

59 

2.03 

1878 

146  685 

2  710 

55 

38 

2.03 

1879 

153  417 

3  038 

46 

30 

1.53 

1880 

160  146 

3  1.5() 

70 

44 

2.21 

1881 

170  267 

3  727 

169 

99 

4.-53 

1882 

180  388 

3  156 

122 

68 

3.87 

1883 

190  509 

3  399 

123 

65 

3.62 

1884 

200  630 

3  732 

121 

60 

3.24 

1885 

210  751 

3  574 

71 

34 

1.99 

188G 

220  872 

3  .525 

113 

56 

3.20 

1887 

230  993 

4  139 

120 

52 

2.90 

1888 

241  114 

4  414 

113 

47 

2.56 

1889 

251  2,35 

4  414 

185 

74 

4.19 

1890 

261  353 

5  058 

180 

69 

3..56 

1891 

273  .395 

5  204 

1.37 

50 

2.64 

1892 

285  437 

5  227 

167 

59 

3.20 

1893 

297  479 

5  261 

153 

52 

2.91 

1894 

309  521 

5  663 

89 

29 

1.57 

1895 

321  563 

5  167 

117 

35 

2.27 

189G 

333  605 

4  8.59 

143 

43 

2.92 

1897 

345  647 

5  007 

79 

23 

1.58 

1898 

357  689 

5  040 

121 

34 

2.40 

1899 

369  731 

5  556 

118 

32 

2.13 

1900 

381  765 

6  104 

205 

54 

3.36 

1901* 

392  400 

5  834 

140 

36 

2.40 

1902* 

403  032 

G  134 

133 

33 

2.17 

1903* 

414  9.50 

6  799 

472 

114 

6.94 

1904 

426  992 

6  476 

204 

48 

3.15 

1905 

439  034 

6  190 

78 

18 

1.26 

*  Government  estimate. 
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TABLE  No.  2. 

NuMBEB  OF  Typhoid  Fever  Deaths  in 

Cleveland,  Ohio, 

During  Each  Month  from  January,  1890,  to  June,  1905. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

1890 

16 

5 

11 

7 

14 

24 

14 

21 

21 

21 

10 

10 

180 

1891 

17 

11 

12 

7 

9 

3 

9 

15 

14 

20 

13 

7 

137 

1892 

7 

3 

12 

5 

8 

18 

29 

27 

22 

21 

12 

3 

167 

1893 

3 

9 

14 

14 

17 

15 

8 

23 

15 

14 

11 

10 

153 

1894 

9 

7 

8 

4 

1 

4 

7 

14 

4 

12 

12 

7 

89 

1895 

7 

10 

10 

10 

11 

11 

5 

9 

17 

17 

6 

4 

117 

1896 

5 

10 

19 

15 

14 

10 

13 

15 

16 

6 

11 

9 

143 

1897 

5 

2 

7 

9 

6 

3 

7 

12 

4 

10 

9 

5 

79 

1898 

6 

8 

3 

5 

10 

11 

6 

6 

4 

21 

9 

22 

121 

1899 

11 

8 

15 

10 

10 

10 

7 

10 

9 

12 

10 

6 

118 

1900 

7 

14 

29 

33 

22 

10 

12 

27 

15 

14 

8 

14 

205 

1901 

15 

17 

10 

14 

11 

13 

15 

17 

7 

9 

3 

9 

140 

1902 

14 

12 

12 

6 

16 

13 

12 

9 

11 

8 

12 

8 

133 

1903 

32 

23 

55 

66 

51 

39 

54 

42 

40 

22 

20 

28 

472 

1904 

12 

46 

53 

28 

10 

10 

5 

5 

11 

12 

7 

5 

204 

1905 

6 

13 

5 

7 

6 

3 

5 

8 

7 

8 

6 

4 

78 

1906 

1 

8 

4 

4 

8 

34 

6 

8 

— 

— 

— 

— 

— 

Average 

9  0-1904 

11 

12 

18 

16 

14 

13 

14 

17 

14 

15 

10 

10 

164 
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TABLE  No.  3. 

Number  of  Reported  Cases  of  Typhoid  Fever  in 

Clevelaxd,  Ohio, 

ox  Each  Day  of  the  Year  1902. 


Day  of 
Month. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 

0 

1 

2 

1 

0 

0 

2 

2 

5 

0 

3 

2 

2 

0 

0 

0 

1 

6 

1 

0 

0 

0 

0 

6 

3 

1 

1 

1 

1 

0 

0 

0 

1 

2 

1 

1 

1 

4 

3 

3 

0 

1 

0 

3 

0 

2 

2 

0 

0 

0 

5 

2 

3 

5 

0 

0 

3 

0 

1 

1 

0 

7 

6 

6 

3 

1 

1 

0 

1 

0 

0 

2 

2 

1 

5 

0 

7 

3 

0 

1 

0 

3 

2 

0 

1 

0 

0 

1 

2 

8 

2 

0 

4 

0 

3 

2 

1 

0 

1 

0 

0 

0 

9 

1 

0 

4 

5 

0 

0 

2 

1 

0 

0 

0 

2 

10 

10 

0 

4 

0 

0 

0 

1 

1 

0 

1 

0 

0 

11 

4 

0 

1 

0 

1 

0 

3 

2 

0 

0 

0 

3 

12 

2 

0 

0 

0 

3 

1 

4 

0 

1 

1 

0 

0 

13 

3 

4 

4 

1 

5 

1 

4 

1 

0 

2 

2 

1 

14 

1 

0 

2 

0 

5 

0 

0 

4 

0 

1 

3 

0 

15 

1 

1 

2 

1 

1 

1 

0 

0 

1 

2 

1 

3 

16 

10 

1 

0 

0 

4 

0 

0 

13 

0 

0 

0 

0 

17 

1 

2 

1 

0 

1 

0 

8 

13 

0 

1 

0 

0 

18 

2 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

19 

1 

0 

9 

0 

2 

2 

0 

0 

0 

0 

0 

0 

20 

1 

1 

2 

1 

4 

0 

1 

0 

0 

0 

1 

1 

21 

1 

1 

1 

2 

1 

0 

1 

0 

0 

1 

1 

0 

22 

0 

0 

0 

1 

4 

1 

0 

2 

1 

0 

1 

2 

23 

0 

1 

0 

0 

1 

0 

1 

3 

1 

0 

1 

2 

24 

6 

1 

3 

0 

1 

1 

3 

3 

2 

0 

1 

1 

25 

3 

3 

3 

0 

6 

0 

3 

3 

1 

0 

2 

0 

26 

4 

0 

2 

0 

6 

0 

1 

4 

0 

1 

4 

0 

27 

4 

2 

2 

0 

3 

0 

2 

4 

0 

0 

0 

0 

28 

2 

1 

0 

0 

1 

0 

4 

9 

0 

1 

1 

2 

29 

0 

1 

0 

0 

0 

2 

0 

0 

1 

3 

2 

30 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

3 

31 

2 

4 

2 

2 

1 

0 

0 

3 

Total 

77 

27 

56 

15 

60 

23 

44 

74 

17 

19 

35 

44 

Total  number  of  cases,  491. 
Total  number  of  deaths,  133. 
Ratio  of  reported  cases  to  deaths,  3.7:  1. 


296 


CLEVELAND    TYPHOID    FEVER    EPIDEMIC,    1903-1904. 


TABLE  No.  4. 

Number  of  Reported  Cases  of  Typhoid  Fever  in 
Cleveland,  Ohio, 
ON  Each  Day  of  the  Year  1903. 


Day  of 
Month. 

Jan. 

Feb.  1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.  j 

Nov. 

Dec. 

1 

0 

3 

7 

16 

6 

2 

11 

10 

9 

4 

0 

4 

2 

3 

9 

8 

21 

7 

7 

8 

9 

3 

14 

0 

5 

3 

3 

3 

27 

27 

7 

16 

30 

8 

2 

4 

0 

0 

4 

2 

2 

12 

15 

9 

8 

15 

5 

6 

4 

1 

5 

5 

2 

4 

62 

25 

37 

11 

11 

5 

1 

5 

1 

3 

6 

9 

14 

7 

25 

3 

15 

10 

0 

1 

5 

2 

3 

7 

0 

1 

14 

9 

31 

12 

5 

0 

2 

0 

2 

4 

8 

8 

1 

11 

19 

6 

11 

13 

3 

4 

0 

2 

13 

9 

11 

11 

16 

18 

33 

11 

7 

9 

27 

6 

3 

4 

10 

2 

6 

22 

34 

17 

IS 

12 

8 

9 

0 

8 

2 

11 

2 

8 

25 

18 

17 

52 

13 

0 

1 

1 

2 

12 

12 

8 

9 

14 

15 

29 

17 

6 

7 

30 

3 

0 

15 

13 

3 

0 

26 

15 

17 

11 

5 

3 

31 

2 

2 

7 

14 

10 

3 

27 

19 

26 

10 

5 

2 

10 

2 

2 

6 

15 

2 

1 

16 

13 

15 

8 

3 

12 

4 

5 

2 

12 

16 

3 

4 

13 

19 

15 

16 

10 

17 

14 

6 

2 

5 

17 

7 

3 

15 

1 

15 

3 

28 

17 

4 

0 

3 

2 

18 

3 

4 

33 

12 

16  . 

8 

9 

6 

2 

0 

0 

3 

19 

17 

34 

66 

12 

21 

45 

7 

13 

5 

1 

2 

5 

20 

3 

2 

2 

8 

10 

7 

7 

21 

3 

4 

6 

2 

21 

11 

6 

21 

25 

14 

5 

3 

0 

4 

4 

3 

2 

22 

3 

4 

19 

4 

24 

6 

27 

4 

8 

2 

1 

5 

23 

6 

43 

23 

51 

16 

7 

0 

4 

3 

6 

1 

2 

24 

17 

11 

22 

4 

4 

4 

7 

4 

11 

7 

1 

0 

25 

4 

25 

15 

12 

4 

6 

14 

6 

1 

6 

1 

2 

26 

16 

2 

12 

16 

10 

9 

14 

12 

4 

2 

3 

0 

27 

9 

18 

43 

16 

15 

8 

15 

2 

4 

1 

2 

2 

28 

4 

18 

23 

6 

12 

9 

10 

3 

1 

1 

1 

2 

29 

1 

5 

14 

12 

11 

16 

4 

11 

3 

0 

1 

30 

7 

29 

8 

3 

11 

13 

7 

1 

4 

1 

5 

31 

4 

10 

1 

2 

8 

1 

0 

Total 

Cases 

180 

249 

644 

497 

452 

364 

342 

209 

216 

103 

54 

133 

Total 

Deaths 

32 

27 

57 

59 

47 

45 

57 

40 

35 

24 

18 

29 

Total  number  of  cases  during  year,  3  443. 
Total  number  of  deaths  during  year,  472. 
Ratio  of  reported  cases  to  deaths,  7.3  :  1. 


WHIPPLK. 


297 


TABLE  Xo.  5. 

Number  of  Reported  Cases  of  Typhoid  Fever  in 

Cleveland,  Ohio, 

on  Each  Day  of  the  Year  1904. 


Day  of 

Month. 

Jan. 

Feb.  j 

Mar. 

Apr. 

May.  1 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

] 

3 

8 

51 

3 

0 

0 

0 

0 

2 

2 

0 

2 

2 

1 

5 

42 

6 

6 

1 

1 

0 

2 

0 

1 

1 

3 

2 

16 

27 

5 

0 

0 

0 

0 

0 

2 

1 

0 

4 

1 

4 

50 

7 

8 

0 

1 

1 

0 

0 

2 

0 

5 

6 

8 

28 

5 

1 

0 

0 

0 

1 

0 

0 

1 

6 

1 

15 

5 

8 

2 

0 

0 

1 

3 

9 

0 

0 

7 

2 

12 

21 

0 

2 

0 

6 

0 

0 

0 

1 

0 

8 

11 

14 

14 

7 

0 

0 

0 

0 

1 

0 

3 

9 

4 

20 

13 

3 

0 

0 

0 

0 

1 

2 

1 

10 

0 

25 

10 

6 

4 

3 

0 

0 

4 

0 

0 

11 

1 

15 

5 

6 

1 

0 

0 

1 

1 

2 

0 

12 

4 

10 

8 

9 

6 

0 

2 

1 

3 

0 

0 

13 

2 

7 

6 

5 

0 

0 

1 

5 

2 

0 

0 

14 

2 

12 

6 

3 

1 

4 

0 

0 

5 

1 

1 

15 

4 

19 

16 

9 

0 

0 

1 

4 

0 

0 

0 

1 

16 

3 

26 

7 

1 

2 

1 

0 

2 

4 

3 

3 

1 

17 

1 

27 

5 

2 

0 

1 

1 

0 

0 

0 

2 

1 

18 

2 

9 

6 

1 

0 

1 

0 

0 

1 

2 

0 

0 

19 

3 

17 

11 

2 

0 

0 

0 

1 

0 

0 

2 

0 

20 

1 

20 

9 

3 

0 

1 

2 

0 

1 

0 

3 

1 

21 

1 

12 

9 

1 

1 

1 

0 

0 

1 

1 

2 

0 

22 

3 

13 

5 

5 

1 

1 

1 

4 

2 

0 

2 

0 

23 

3 

21 

5 

0 

1 

1 

0 

1 

1 

0 

0 

0 

24 

G 

17 

10 

1 

2 

0 

0 

0 

2 

2 

0 

1 

25 

5 

32 

13 

2 

0 

0 

0 

2 

0 

1 

0 

0 

26 

4 

37 

3 

2 

2 

0 

0 

0 

4 

0 

1 

0 

27 

4 

18 

3 

0 

0 

0 

0 

0 

1 

0 

4 

1 

28 

3 

15 

6 

1 

1 

1 

0 

0 

2 

2 

7 

1 

29 

4 

57 

4 

0 

0 

0 

0 

7 

3 

0 

1 

1 

30 

1 

4 

0 

1 

0 

0 

2 

3 

1 

0 

0 

31 

7 

4 

1 

0 

9 

0 

2 

0 

Total 

Cases 

95 

531 

406 

102 

38 

16 

16 

41 

50 

34 

37 

17 

Total 

■ 

Deaths 

12 

46 

53 

28 

10 

10 

5 

5 

11 

12 

7 

5 

Total  number  of  cases  during  year,  1  383. 
Total  number  of  deaths  durmg  year,  204. 
Batio  of  reported  cases  to  deaths,  6.7:  1. 
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TABLE  No.  0. 
Average  Analysis  of  Lake  Erie  Water. 


Feb.l7-Apr.  4,  1904. 

Feb. 17- 

-  Oct.  1, 1904. 

Division  St. 

Kirtland  St. 

Division  St. 

Kirtland  St. 

P.S. 

P.S. 

P.  S. 

P.  S. 

Physical  Examination. 

Turbidity  (Silica  scale)   .    . 

30 

13 

24 

18 

Color  (Platinum  scale)    .    . 

23 

12 

18 

13 

Odor  (Arbitrary  scale) 

Vegetable 

1.7 

1.5 

1.52 

1.31 

Moldv 

0.4 

0.2 

0.85 

0.13 

OUy'^ 

0.4 

0.0 

0.30 

0.00 
0.05(fishy) 

Chemical  Analysis. 

(Parts  per  Million.) 

Nitrogen    as     Albuminoid 

Ammonia 

In  solution 

.118 

.094 

.103 

In  suspension 

.007 

.002 

.003 

Total 

.125 

.096 

.106 

Nitrogen  as  free  ammonia  . 

.041 

.019 

.022 

Nitrogen  as  nitrites     .    .    . 

.004 

.003 

.004 

Nitrogen  as  nitrates    .    .    . 

.06 

.02 

.06 

Total  solids 

167.5 

150.5 

156.5 

Loss  on  ignition        .... 

24.0 

21.2 

23.8 

Fecal  solids 

143.5 

129.3 

135.0 

Chlorine 

9.9 

8.9 

8.2 

Hardness  (total)      .... 

103.8 

104.3 

105.0 

Alkalinity 

86.7 

89.8 

88.7 

Permanent  hardness   .    .    . 

17.1 

14.5 

16.3 

Iron 

0.58 

0.25 

0.28 

Bacteriological     Examina- 

tion. 

Number   per   cubic    centi- 

meter     

12  538 

681 

8  278 

332 

Test  for  B.  Coli. 

(Per  Cent,  of  Positive  Tests.) 

0.1  cc. 

9 

0 

21 

4 

1.0  cc. 

27 

9 

55 

14 

10.0  cc. 

59 

27 

85 

44 

Microscopical  Examination. 

Microscopic  organisms  per 

cubic  centimeter      .    .    . 

160 

113 

150 

117 

Amorphous  matter      ,    .    . 

260 

250 

260 

287 
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DISCUSSION'. 


Mr.  ^I.  N.  Baker*  {by  letter).  Every  pa]HM-  of  the  scope  aiul 
character  of  this  one  may  justly  be  I'egarded  as  an  ini])oi-tant 
contrilnition  to  the  somewhat  slow  but  successful  caiii])aign  now 
being  waged  against  im])ure  water  and  typlioid  fever.  With  the 
main  conclusions  of  the  author  few.  if  any,  will  take  issue.  It 
remains  to  be  seen  whether  the  good  effects  which  have  followed 
the  completion  of  the  new  intake  will  be  nore  lasting  than  has 
been  the  case  at  Burlington,  Yt.  Undoulrtedly  the  tyi:)hoid 
death-rate  at  Cleveland  will  soon  rise  again.  If  the  rise  be  nota- 
ble, and  that  would  not  l^e  surprising,  the  possible  need  of  water 
filtration  will  be  brought  to  the  front.  It  will  then  be  important 
to  determine  (as,  of  course,  should  always  be  known)  to  what 
extent  other  causes  than  the  water  supply  are  responsible  for  such 
typhoid  fever  as  prevails. 

The  paper  gives  no  indication  of  the  efficiency  of  the  local 
health  department  as  regards  running  down  causes  of  typhoid, 
and  the  possible  relation  of  the  milk  supply,  polluted  j^rivate  wells, 
and  privies  and  flies,  thereto.  This  point  is  not  raised  to  question 
the  conclusions  of  the  paper  regarding  the  public  water  supply 
being  the  cause  of  the  Cleveland  epidemic  of  1903-1904,  nor  the 
main  cause  of  the  long-continued  high  typhoid  fever  at  Cleve- 
land. It  is  doubtless  true,  however,  that  other  sanitary  defects  at 
Cleveland  were  responsible  for  a  considerable  amount  of  the 
typhoid  prior  to  the  completion  of  the  new  intake,  and  for  the 
larger  part  of  the  t3'phoid  since  the  introduction  of  the  improved 
supply.  It  is  of  great  importance  that  these  other  defects  be 
remedied,  first  in  the  intere.-^ts  of  the  jDublic  health,  and  second, 
that  no  injustice  be  done  the  water  supply  when  the  typhoid  rate 
again  rises. 

The  ratio  of  cases  to  deaths  indicates,  as  noted  by  the  author 
of  the  paper,  that  only  a  small  part  of  the  cases  were  reported  in 
1902,  and  by  no  means  all  of  them  in  1903  and  1904.  We  can 
never  expect  to  see  typhoid  brought  within  reasonable  bounds 
until  all  cases  are  promptly  reported  to  the  health  department  and 
just  as  promptly  investigated  1)V  it.     It  is  sad,  but  true, that  in 

*  Associate  Editor.  Engineering  Xews,  New  York. 
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but  relatively  few  cities  are  anytliing  like  all  typhoid  cases 
promptly  reported,  while  in  fewer  yet  are  the  reported  cases 
properly  investigated  as.to  probable  origin  of  the  disease.  Even 
where  investigations  are  carried  out  along  fairly  satisfactory  lines 
the  facts  secured  are  rarely  used  in  the  most  effective  possible  way 
for  the  prevention  of  further  typhoid  due  to  the  same  general 
causes.  This  is  not  the  place  to  go  into  a  discussion  of  the  quali- 
ties needed  in  a  sanitary  or  health  inspector,  but  it  may  be  said 
that  the  necessary  qualities  for  efficient  service  are  lacking  in 
most  of  the  inspectors  now  in  office,  and  it  must  be  added  that 
relatively  few  of  their  superior  officers  are  so  trained  that  they 
could  intelligently  judge  and  act  upon  reports  based  on  proper 
investigations  of  typhoid  cases.  This  is  unfortunate  for  the 
engineer  and  the  water-works  superintendent,  since  a  failure  to 
disclose  the  facts,  or  all  the  facts,  bearing  upon  epidemic  or  endemic 
typhoid  often  throws  unwarranted  discredit  upon  public  water 
supplies. 

Finally,  is  it  too  much  to  hope  that  som.e  day,  not  too  far  dis- 
tant, morbidity  and  mortality  statistics  will  be  sufficiently  accu- 
rate and  complete,  and  investigations  of  typhoid  cases  sufficiently 
general  and  efficient,  to  divide  the  responsibility  for  typhoid 
between  public  water  supplies  and  the  other  main  contributing 
causes? 

Mr.  George  C.  Whipple  {hy  letter).  ^Ir.  Baker  in  his  discus- 
sion refers  to  typhoid  fever  due  to  other  causes  than  water.  This 
subject  has  been  studied  by  the  local  health  department  of  Cleve- 
land with  a  fair  degree  of  thoroughness  since  the  introduction  of 
water  from  the  new  intake.  This  has  resulted  in  bringing  to  light 
several  sporadic  outbreaks  due  to  milk  and  other  causes.  These 
account  in  part  for  some  of  the  larger  figures  showing  the  number 
of  typhoid  deaths  by  months  during  the  last  year  and  a  half. 
While  the  epidemic  was  in  progress,  the  writer  was  engaged  by 
the  health  department  to  rnake  a  study  of  the  vended  well  waters 
and  spring  waters  of  Cleveland.  Samples  of  each  were  analyzed, 
and  inspections  made  of  the  local  supplies.  The  writer  agrees 
with  Mr.  Baker  that  the  investigation  of  typhoid  fever  from  these 
miscellaneous  causes  is  worthy  of  very  careful  study. 

]\Ir.  Baker  also  refers  to  the  laxity  of  physicians  in  reporting 
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cases  of  typhoid  fever.  This  matter  was  taken  up  by  the  health 
department  during  the  progress  of  our  investigation,  and  the 
agitation  of  the  subject  resulted  in  a  decided  temporary  improve- 
ment. It  has  been  found,  however,  that  since  the  excitement 
occasioned  by  the  typhoid  fever  epidemic  ceased,  the  physicians 
are  falling  back  into  their  old  lax  liabit  of  not  reporting  cases. 
Studies  of  statistics  in  many  places  have  shown  that  this  is  nearly 
always  the  case,  namely,  that  during  the  progress  of  an  epidemic, 
physicians  being  on  the  alert,  take  pains  to  report  their  cases  when 
they  occur,  while  at  ordinary  times,  when  the  cases  are  com- 
paratively few  in  number,  they  do  not  report  them. 
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A     DESCRIPTION    OF    THE    CONCRETE    STEEL-REIN- 
FORCED STANDPIPE  AT  ATTLEBOROUGH.  MASS. 

BY    GEORGE    H.    SXELL.    SUPERIXTEXDEXT    OF    WATER    WORKS, 

ATTLEBOROUGH,    MASS. 

[Read  September  IS,  1906.] 

In  })resenting  this  paper  it  is  necessary  to  state  the  situation 
and  conditions  in  Attleborough  at  the  time  this  standpipe  was 
being  contemplated. 

It  was  absolutely  necessary  that  some  steps  should  be  taken 
for  better  fire  and  domestic  protection,  as  we  had  only  one  force 
main  from  the  pumping  station  to  the  town,  a  distance  of  nearly 
four  miles.  In  case  anything  should  happen  to  this  main  it 
would  be  nearly  as  disastrous  for  domestic  supply  as  for  fire. 
Under  existing  conditions  direct  pumping  was  necessary  at  every 
alarm  of  fire.  Our  storage  consisted  of  a  wrought-iron  standpipe 
30  feet  in  diameter  and  125  feet  high,  with  a  total  capacity  of 
661  000  gallons,  that  being  about  the  daily  consumption.  The 
top  of  this  stand])i])e  is  at  .'in  elevation  of  247  feet,  about  142 
feet  above  the  ground  at  the  corner  of  County  and  Park  streets, 
that  l:)eing  representative  of  our  business  section  of  the  town. 
The  iron  standpipe  was  erected  in  1890,  and  although  the  Attle- 
borough water  is  one  of  the  best  in  the  state  for  both  domestic  and 
manufacturing  puri:)oses,  it  contains  carbon  dioxide,  so  that  it 
attacks  unprotected  wrought  iron  or  steel,  but  has  ver}'  little 
effect  upon  cast  iron.  These  were  the  conditions  of  our  storage 
system  in  1004. 

On  March  16,  1904,  it  was  clearly  presented  to  the  commis- 
sioners when  a  fire  occurred  in  the  new  Second  Congregational 
Church,  not  then  completed.  The  alarm  was  rung  in  at  5.40 
A.M.;  direct  ])ressure  was  immediately  put  on  to  the  main,  am.ount- 
ing  to  125  pounds  at  the  pumping  station  and  100  pounds  at  the 
center  of  the  town,  which  was  held  for  twenty-five  minutes,  when 
the  pressure  dropped  to  40  pounds.  Fortunately  the  fire  was 
extinguished  at  about  that  time,  but  we  realized  that  there  must 
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be  a  serious  break  somewhere  in  the  system,  as  the  3  000  000-gallon 
pump  was  unable  to  hold  the  standpipe  pressure.  We  soon 
located  the  trouble,  which  was  a  split  pipe  in  the  force  main,  about 
one  mile  from  the  ]-)umping  station  and  three  miles  from  the  center 
of  the  town.  Gates  were  immediately  closed  and  our  standpipe 
gave  us  a  pressure  of  5-1  pounds.  The  commissioners,  realizing 
the  seriousness  of  the  accident,  and  Avhat  might  have  happened 
had  not  the  fire  been  extinguished  when  the  break  occurred,  began 
at  once  to  make  investigation  as  to  a  larger  storage  and  an  addi- 
tional force  main  from  the  pumicing  station  to  the  town.  The 
commissioners  were  desirous  of  building  a  reservoir  of  some  type 
to  hold  3  000  000  gallons  of  water,  if  possible.  We  employed 
Messrs.  Snow  &  Barbour,  civil  and  h}'draulic  engineers,  of 
Boston,  to  assist  us.  The  investigation  was  under  the  personal 
supervision  of  Mr.  F.  A.  Barbour. 

Owing  to  the  fact  that  Attleborough  is  very  level,  the  highest 
point  available  in  town,  locally  called  Ide's  Hill,  rises  to  an 
elevation  of  but  250,  or  145  feet  above  the  corner  of  County  and 
Park  streets,  that  being  the  center  of  the  town.  Fortunately,  this 
hill  is  on  a  direct  line  and  about  half-way  between  the  center  of  the 
town  and  the  pumping  station.  It  was  evident  that  a  reservoir 
was  not  possible  if  direct  pressure  was  to  be  obtained.  A  stand- 
pipe  was  the  only  alternative;  of  what  height  and  capacity 
remained  to  be  considered. 

I  will  not  go  into  details  relating  to  the  daily  consumption  and 
the  number  of  hours  that  the  pump  should  be  run  from  an  eco- 
nomical standpoint,  but  will  try  and  explain,  as  briefly  as  possible, 
the  reason  for  l^uilding  a  concrete  steel-reinforced  standpipe; 
I  will  say,  however,  that  after  a  careful  study  of  both  steel  and  con- 
crete structures  !\fr.  Barbour  convinced  the  commissioners  that  a 
standpipe  of  either  type  holding  3  000  000  gallons  could  not  be 
built  with  safety;  that  one  100  feet  high  and  50  feet  in  diameter, 
holding  1  500  000  gallons,  would  be  as  large  as  practicable 
to  give  the  desired  pressure.  At  this  writing  we  know  of  no 
structure,  of  either  steel  or  concrete,  of  this  capacity.  We  there- 
fore decided  that  storage  of  this  size  would  be  the  largest  possible 
to  obtain.  With  this  size,  if  built  in  steel,  it  would  be  necessary' 
to  have  the  bottom  plates  If  inches  in  thickness.     I  believe  that 
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at  the  present  time  there  are  only  one  or  two  manufacturers  in  this 
country  who  roll  sheets  of  this  thickness. 

The  experience  gained  with  the  former  standpipe  seemed  to 
indicate  that  the  life  of  such  a  structure  may  be  safely  estimated 
at  no  more  than  twenty  years.  The  character  of  the  water  supply 
of  Attleborough  is  such  tluit  it  has  more  or  less  corrosive  action  on 
iron,  which  causes  a  large  amount  of  rust  to  accumulate  in  the 
standpipe.  We  estimate  that  there  ore  nearly  two  tons  of  rust 
taken  out  annually  when  the  standpipe  is  cleaned;  and  besides, 
quite  a  cjuantity  would  necessarily  find  its  way  into  the  mains  and 
services,  thereby  causing  much  annoyance  in  domestic  use. 

For  the  last  six  years  all  service  pipes  from  mains  to  cellars  have 
been  put  in  of  cement-lined  pipe,  as  we  had  a  great  amount  of 
trouble  with  galvanized  pipe,  and  we  find  there  has  been  much 
improvement  under  these  conditions.  Thus  the  ciuality  of  our 
water  naturally  led  to  a  consideration  of  other  materials  for 
storage  rather  than  steel  plates. 

As  great  progress  has  been  made  of  late  in  the  coml)ination  of 
concrete  and  steel,  the  metal  being  embedded  in  the  masonry  and 
employed  to  withstand  the  tensile  stresses,  we  looked  carefully 
and  deeply  into  this  method.  At  this  time  there  had  been  built 
standpipes  of  this  type  at  Fort  Revere,  in  Boston  Harbor,  that 
being  20  feet  in  diameter  and  40  feet  high*;  also  one  at  IMilford, 
Ohio,  15  feet  in  diameter  and  So  feet  high;  both  giving  perfect 
satisfaction.  Although  neither  of  these  is  as  large  as  that  pro- 
posed for  Attleborough,  they  were  sufficient  to  indicate  the  pos- 
sibilities of  this  type  of  construction. 

We  felt  justified  in  asking  for  bids  on  a  concrete-steel  standpipe, 
also  estimates  on  steel  standpipes  of  same  dimensions.  The 
specifications  for  the  concrete  steel-reinforced  standpipe  allowed 
the  bidders  to  present  plans  and  specifications  according  to  their 
own  ideas  of  construction,  each  one  specifying  the  amount  of  steel 
to  be  used,  amount  of  concrete,  and  factor  of  safety,  with  com- 
plete plans  and  method  of  construction,  confining  himself  to  the 
general  design  of  foundation,  standpipe,  and  gatehouse;  the 
structure  was  to  be  guaranteed  by  the  builders  for  one  year  from 
date  of  acceptance  by  the  commissioners. 

*Described  in  the  Journal,  Vol.  19,  March,  1905,  p.  33. 
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After  a  careful  study  of  all  plans  submitted  and  methods  of 
construction  proposed,  we  considered  that  the  Aberthaw  Con- 
struction Company's  bid  ($34  000)  was  the  one  to  accept,  if  any, 
for  the  following  reasons:  Extra  steel  reinforcement,  richness  of 
concrete,  method  of  construction,  and  complete  plans  submitted. 

We  had  an  estimate  on  a  steel  standpipe  of  the  same  size  for 
$37  135,  making  a  difference  of  cost  between  that  and  l)id  ac- 
cepted, $3  135. 

The  advantages  of  a  concrete  steel  standpipe  over  a  steel  stand- 
pipe  are: 

First.     The  cost  would  be  $3  135  less. 

Second.     No  cost  of  maintenance. 

Third.  There  seems  to  be  no  limit  to  the  life  of  such  a  structure; 
or,  in  other  words,  is  as  nearly  indestructible  as  a  structure  could 
be  made. 

The  maintenance  of  a  steel  standpipe  of  that  size  and  with  our 
quality  of  water  would  l)e  $400  per  annum  if  ke])t  coated  on  the 
inside  and  painted  on  the  outside,  and  the  probable  life  only 
twenty  years.  It  would  also  be  necessary  to  empty  the  tank 
annually  to  clean  out  the  rust  and  do  the  painting,  which  would 
probably  take  at  least  two  weeks.  During  that  time  water 
would  have  to  be  supplied  by  direct  pumping,  which  means  con- 
tinuous expense  of  not  less  than  one  hundred  dollars  per  annum. 
You  can  see,  by  this  comparison,  that  there  was  much  in  favor  of 
the  concrete  steel  standpipe  over  the  steel  standpipe.  It  seemed 
to  us,  in  our  judgment,  it  was  far  better  to  accept  the  concrete 
proposition. 

On  September  7,  1904,  the  contract  w^as  awarded  to  the  Aber- 
thaw Construction  Company,  Boston.  Mass..  under  the  general 
specifications  prepared  by  our  engineer,  which  incorporated  those 
of  the  contractors. 

It  Avas  early  recognized  that  the  greatest  responsibility  in  con- 
struction would  lie  in  obtaining  watertight  walls.  The  provision 
of  sufficient  steel  to  resist  bursting  is  a  relatively  simple  matter, 
although  many  details  in  joining,  bending,  and  placing  the  steel 
required  much  forethought  and  labor.  The  concrete  wall  is  IS 
inches  thick  at  the  bottom  and  8  inches  at  the  top. 

In  the  construction  of  the  standpipe  the  conditions  were  care- 
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fully  Studied,  analyses  of  the  sand  and  stone  were  frequently 
made  by  sifting  samples  through  a  series  of  sieves,  and  the  ma- 
terials were  proportioned  in  accordance  with  the  results  obtained 
so  as  to  reduce  the  voids  to  a  minimum. 

The  stone  was  ciTished  on  the  work  and  the  concrete  mixed  by  a 
machine  mixer,  and  in  general  very  good  results  were  obtained 
both  in  consistency  and  uniformity.  The  foundation  of  the  tank 
is  concrete  carried  below  frost  line,  a  very  good  bottom  of  hard 
pan  being  found  at  the  depth  of  seven  feet. 

In  making  concrete,  sand  and  crushed  rock  or  clean  screened 
gravel  are  mixed  with  the  cement.  The  proportioning  of  these 
materials  is  not  or  should  not  be  a  makeshift  process.  Up  to 
within  a  few  years,  it  is  true,  they  w-ere  mixed  in  a  more  or  less 
arbitrary  manner,  but  at  the  present  time  the  scientific  require- 
ments are  better  understood,  and  it  has  also  been  found  that  for 
the  same  money  better  results  can  be  obtained  by  following  this 
more  exact  knowledge  recently  acquired.  The  schem.e  of  propor- 
tioning involves  the  filling  of  the  voids  in  the  stone  with  sand,  and 
then  slightly  overfilling  the  voids  in  the  sand  with  cement.  The 
denser  the  mixture,  the  better  the  concrete.  To  illustrate  more 
fully  this  method,  if  you  take  a  barrel  of  apples  you  can  turn  a 
considerable  portion  of  a  barrel  of  beans  into  the  voids  between 
the  apples,  and  to  this  mixture  considerable  rice  could  be  added  to 
fill  the  voids  in  the  beans,  and  to  this  again  considerable  flour 
added  to  fill  the  voids  in  the  rice.  In  the  same  way,  in  making 
concrete,  an  endeavor  is  made  to  get  the  stone  in  different  sizes  so 
that  the  smaller  may  fit  into  the  spaces  between  the  larger  and  thus 
reduce  the  voids  to  a  minimum. 

After  the  placing  of  the  foundation,  the  erection  of  the  steel 
reinforcement  for  the  first  seven  feet  of  the  wall  was  begun. 
This  reinforcement  is  equivalent  to  the  hooping  of  a  barrel  or  rail- 
road water  tank,  except  that  instead  of  being  on  the  outside  it  is 
embedded  in  the  center  of  the  concrete  wall.  It  is  necessarily 
heavier  at  the  bottom  or  in  proportion  to  the  possible  depth  of 
water  above.  As  is  usual  in  engineering  structures,  the  rein- 
forcement of  the  walls  was  made  several  times  as  strong  as  is 
theoretically  necessary,  or  in  other  words,  a  factor  of  safety  was 
used.     Three  bars  lapping  18  inches  and  .held  together  by  clips 
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Base  of  Standpiim;. 


Fig.  2.     Placing  anii  Ramming  Conckete  in  Wall  of  Standpii'k 
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wei-e  used  to  make  the  circle.  Xear  the  bottom  these  l)ars  were 
placed  in  two  rows,  spaced  about  four  inches  on  centers,  horizon- 
tally, the  spacino;  increasing  with  the  height  until  a  point  was 
reached  wliere  only  one  row  of  ])ars  became  necessary.  The  bars 
were  supported  vertically  by  fifteen  channel  irons  with  the  flanges 
drilled  at  proper  intervals  and  small  rods  run  through  these  holes 
to  carry  the  horizontal  bars. 

After  erecting  about  seven  feet  of  steel  reinforcement,  the 
inside  and  outside  forms  for  the  concrete  were  placed  in  position. 
These  forms  were  constructed  of  wood,  seven  feet  high,  and  two 
sets  were  used,  so  that  after  the  concrete  hardened  the  lower  set 
could  be  taken  down  and  moved  up  above  the  other  set. 

The  circle  of  the  tank  was  made  by  having  twelve  sections  in 
each  set,  locking  them  together  at  the  side  by  iron  clamps.  After 
getting  the  forms  in  position  the  concrete  was  raised  by  a  derrick 
to  the  latforms  carried  on  the  interior  tower,  from  which  it  was 
shoveled  into  the  space  ])etween  the  inner  and  outer  forms  and 
thoroughly  rammed  and  spaded. 

After  the  placing  of  the  concrete  another  section  of  steel  was 
erected,  the  lower  set  of  forms  loosened  and  moved  up  to  a  new 
position,  and  the  wall  carried  up  in  4:his  fashion  to  its  full 
height. 

As  soon  as  the  first  twenty  feet  was  completed  it  was  filled 
with  water,  and  during  the  entire  construction  the  tank  was  kept 
filled  up  to  within  about  one  foot  of  the  inside  forms.  This  was 
done  to  test  the  tightness  of  the  concrete,  also  to  keep  it  wet  to 
prevent  cracking. 

There  were  leaks  developed  after  we  had  completed  fifty  feet. 
These  gradually  greW'  less  as  the  sediment  filled  the  small  voids. 
When  completed,  with  one  hundred  feet  head  of  water,  there 
were  a  numl^er  of  leaks,  but  on  the  entire  surface  only  three 
jets,  these  spurting  out  near  the  bottom,  not  larger  than  an  ordi- 
nary pin.  At  this  time  there  had  been  no  attempt  to  put  on  a 
watertight  coat  of  plaster  on  the  inside,  l)ut  it  was  just  as  the 
concrete  was  put  in  between  the  forn:s.  The  amount  of  leakage 
was  practically  nothing. 

The  tank  is  covered  with  a  Gustavino  tile  dome  and  may  be  said 
to  be  a  masonrv  structure  throughout. 
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In  many  ways  the  building  of  the  standpipe  required  the  devis- 
ing of  new  methods  of  construction,  and  the  work  was  conse- 
quently slow,  the  tank  not  being  completed  before  cold  weather 
set  in.  This  made  it  impossible  to  apply  the  interior  coat  of 
plaster  before  spring. 

I  wish  you  to  understand  at  no  time  has  there  been  a  wetting 
through  of  this  standpipe  over  more  than  from  1  to  2  per  cent,  of 
the  entire  surface.  This  convinces  us  that  a  structure  of  this 
t3^pe  can  be  made  absolutely  tight. 

On  December  27,  1905,  we  put  the  new  standpipe  into  com- 
mission, and  continued  to  use  it  until  ^lay  15,  1906.  The  leaks 
during  that  time  were  very  trifling,  although  during  extreme  cold 
weather  we  noticed  a  scaling  off  on  the  outer  surface  at  certain 
points,  beginning  five  feet  from  the  bottom  of  the  tank  and  extend- 
ing to  a  point  about  fifteen  feet  from  the  bottom  of  the  tank. 
This  was  apparently  caused  by  pockets  or  cavities  that  must  have 
existed  on  the  outside  of  the  steel,  probably  caused  by  the  slight 
moving  of  the  forms  when  the  concrete  was  being  placed. 

About  ]May  15,  1906,  the  Aberthaw  Construction  Company 
began  the  plastering  on  the  inside  of  the  standpipe.  The  first 
coat  had  2  per  cent,  lime  to  one  i)art  cement  and  one  part  sand; 
the  other  three  coats  were  composed  of  one  part  sand  and  one  part 
cement.  This  was  floated  until  a  hard,  dense  surface  was  pro- 
duced; then  this  surface  scratched  to  receive  the  succeeding  coat. 
This  work  was  done  by  experts  in  that  line. 

Prior  to  the  plastering  the  entire  inside  of  the  standpi]:)e  was 
thoroughly  cleaned  and  then  ])icked.  This  was  done  to  insure  the 
bonding  of  the  cement  plaster  to  the  surface.  There  were  four 
coats  of  plaster  put  on,  and  we  felt  reasonably  sure  that  it  would 
be  perfectly  tight,  as  great  care  was  used  in  applying  the  same. 
But  upon  filling  the  standpipe  this  did  not  give  us  the  result  we 
expected,  as  we  had  felt  jjositive  that  we  should  have  an  abso- 
lutely watertight  structure. 

At  the  time  the  inside  work  was  being  done  the  outside,  where 
the  cement  had  scaletl  off  from  the  effects  of  frost,  was  repaired  by 
digging  around  the  outside  row  of  steel  reinforcement,  putting 
on  iron  clips  made  of  f-inch  by  ^-inch  iron  liolted  through,  and 
then  cement  was  forced  into  the  cavities  around  these  clips  by 
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tlirowing  it  a  distance  of  foui'  or  fivo  feet  to  insure  the  filliny;  of  the 
voids.  This  process  was  conliniied  until  the  cement  co\'ered  the 
entire  outer  surface  so  that  fuilher  phistering  could  be  perfecth' 
bonded;  on  this  surface  was  jilaced  expanded  metal,  forced  over 
the  clips  that  stood  out  horizontally,  and  then  a  coat  of  plaster 
was  carefully  troweled  over  the  surface  of  this  metal,  and  then  a 
coat  of  metal  placed  outside  of  that  ]:)lastering,  the  ends  of  the 
clips  being  turned  at  right  angles  to  hold  the  same  in  place. 
After  this  the  final  outside  coat  was  applied,  thus  making  a  very 
firm  and  compact  surface  equal  to  any  part  of  the  structure. 

After  noting  the  result  of  the  interior  plastering,  we  were  satis- 
fied that  some  other  method  must  be  used  to  make  the  standpipe 
perfectly  tight  under  one  hundred  feet  head,  at  the  same  time 
realizing  that  in  a  warmer  climate  we  should  not  hesitate  to 
accept  it  as  it  was. 

Upon  consulting  with  our  engineer  and  contractor  we  decided 
to  coat  the  inside  with  what  is  known  as  the  "  Sylvester  process  " 
wash.  I  presume  many  of  you  are  familiar  with  the  same,  but  for 
the  benefit  of  those  who  are  not.  I  will  give  the  formula  used  on 
this  standpipe: 

Dissolve  f-pound  Castile  soap  in  1  gallon  of  water.  Dissolve 
1  pound  pure  alum  in  8  gallons  of  water.  Both  must  be  thor- 
oughly dissolved.  Before  applying  to  the  walls  the  surface  must 
be  perfectly  clean  and  dry;  temperature  must  be  about  50°  F. 
First,  apply  soap  at  boiling  temjierature  with  a  flat  brush,  taking 
care  not  to  form  a  froth.  Wait  twenty-four  hours  so  that  the 
solution  will  become  dry  and  hard  upon  the  walls,  then  apply  the 
alum  in  the  same  way,  at  a  temperature  of  60  to  70°  F.  Wait 
twenty-four  hours,  and  repeat  with  alternate  coats  of  soap  and 
alum. 

On  the  Croton  work,  four  coats  of  each  solution  rendered  the 
wall  impervious.  According  to  the  report  made  by  jMr.  Dearl^orn, 
a  pound  of  soap  will  cover  about  37  square  feet,  and  1  pound  of 
alum  will  cover  about  95  square  feet.  Water  may  be  admitted  to 
the  tank  as  soon  as  the  last  coat  becomes  hard  and  dry. 

This  solution  has  been  used  with  good  success  on  a  number  of 
reservoirs,  not  exceeding  a  forty-foot  head,  making  them  abso- 
lutely tight. 
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In  order  to  test  this  process  we  decided  to  try  35  feet  of  our 
stand]Mpe  from  the  bottom  up.  After  applyin*;'  four  coats  of  the 
mixture  we  filled  the  standpipe  full  and  at  100  feet  head  we 
found  there  were  only  four  leaks  in  the  35  feet  coated.  On 
account  of  this  success,  we  decided  to  apply  four  coats  more 
to  this  same  surface,  that  making  eight  coats  from  the  bottom 
up  to  35  feet,  and  above  that  distance,  four  coats;  this  is  not 
yet  completed,  but  will  be  within  a  few  days. 

There  has  been  no  time  since  the  beginning  of  the  structure 
that  the  commissioners  or  engineer  have  believed  that  we  made  a 
mistake  in  adopting  this  type  of  structure,  and  we  sincerely 
hope  that  others  will  be  benefited  by  our  experience. 

In  closing  I  will  say  that  I  am  thoroughly  in  favor  of  this  type  of 
structure.  In  constructing  a  receptacle  for  water,  whether  it  be  a 
jug  or  a  reservoir,  it  is  a  natural  desire  to  build  it  of  stone  or 
masonry.  Somehow  water  tastes  better,  keeps  cooler  and 
cleaner,  and  the  idea  of  holding  water  in  a  masonry  structure 
seems  altogether  fitting.  The  acjueducts  of  Rome  were  of  stone, 
and  it  was  not  until  we  came  to  handle  water  under  pressure  that 
metal  came  into  use. 

I  believe  that  Attleborough  may  congratulate  itself  on  its 
water  system,  the  quality  and  quantity  of  the  source  of  supply; 
in  the  use  of  the  meter  system  and  the  resulting  low  consumjKion; 
in  the  jiossession  of  new  cast-iron  mains  and  the  small  loss  of 
water  by  leakage;  and  in  the  acc^uirement  of  a  storage  reservoir 
second  to  none  in  the  world,  making  possible,  in  connection  with 
the  new  pipe  lines,  a  system  of  fire  protection  which  should  and 
must  impress  the  insurance  underwriters  to  our  financi:d  better- 
ment . 

DISCUSSION. 

]Mr.  Frank  A.  Barbour.*  I  regret  that  my  engagements  have 
prevented  the  preparation  of  an  adecjuate  discussion  of  the  struc- 
ture under  consideration  this  evening.  However,  as  you  have 
already  listened  to  the  interesting  paper  of  Mr.  Snell,  and  as  ^Ir. 
Wason,  of  the  Aberthaw  Construction  rom})any,  is  to  follow'  me, 
it  is  probable  that  anything  I  might  have  said  will  be  well  covered. 

The  use  of  reinforced  concrete  for  the  Attleborough  tank  was 

*C^ivil  Engineer,  Boston,  Mass. 
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adopted  because  of  the  character  of  tlie  water,  which  rapidly 
attacks  steel;  because  of  the  large  size  of  the  tank  desired;  because 
of  the  greater  artistic  possibilities  inherent  in  a  concrete  structure; 
and  because  of  the  lesser  first  cost  and  cost  of  maintenance  over 
that  of  a  steel  tank. 

With  the  desire  to  limit  the  bidders  to  specialists  in  i-einforccd 
concrete  work,  and  to  permit  each  bidder  to  use  his  special  type 
of  reinforcement  as  appeared  to  him  to  be  necessary  and  in  the 
best  way,  bidders  were  required  to  sul^mit  detailed  plans  and 
specifications  of  the  system  of  reinforcement,  the  method  of 
construction,  and  the  waterproofing,  and  to  guarantee  the 
structure,  in  point  of  safety  and  watertightness,  under  penalty  of  a 
bond  of  $10  000,  for  the  term  of  one  year  after  date  of  acceptance. 

General  plans,  showing  the  outward  appearance  of  the  tank, 
the  pipe  connections  and  the  gatehouse,  and  general  specifica- 
tions, were  prepared  by  the  engineer.  Section  4  of  these  speci- 
fications reads  as  follows: 

"  And  the  general  intention  of  these  specifications  is  to  specify 
the  size,  outward  appearance,  and  the  quality  of  the  material  and 
method  of  its  incorporation  in  the  work  in  so  far  as  the  material 
may  affect  the  life  of  the  standpipe  beyond  the  period  for  which 
the  contractor  is  held  responsible; — leaving  to  the  contractor 
the  detailed  design  and  choice  of  type  of  steel  reinforcement, 
and  requiring  him  to  guarantee  the  safety  of  the  structure  and  the 
absence  of  leakage  for  the  term  of  one  year. 

"  It  is  the  intention  of  the  Water  I3oard  to  consider  proposals 
on  the  basis  of  cost  and  on  the  relative  value  of  the  bids  as  pre- 
sented from  the  standpoints  of  strength  and  probable  absence 
of  leakage  as  indicated  by  the  specifications  describing  the  pro- 
posed method  of  construction  as  submitted  by  the  bidder." 

The  general' specifications  describe  the  quality  of  the  cement 
which  should  be  used,  requiring  a  tensile  strength  of  185  pounds 
in  twenty-four  hours,  600  pounds  in  seven  days,  and  175  pounds 
in  7  days  when  mixed  one  part  cement,  three  parts  sand,  together 
with  the  further  requirement  that  the  cement  mixed  one  part 
cement  and  three  parts  sand  shall  develop  a  strength  in  twenty- 
eight  days  15  per  cent,  in  excess  of  that  shown  in  seven  days. 
Fineness  was  to  be  such  that  not  more  than  5  per  cent,  would  be 
retained  on  a  sieve  with  100  meshes  per  inch,  and  not  more  than 
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24  per  cent,  on  a  sieve  with  200  meshes  per  inch.  The  standard 
tests  for  soundness  included  the  cold  test  and  also  the  accelerated 
test  in  boiling  water  for  three  hours. 

Five  bids  were  received,  the  total  price  ranging  from  $33  679 
to  $75  000. 

As  a  matter  of  interest  showing  various  tests  in  regard  to  rein- 
forcement, mixture  of  concrete,  and  method  of  waterproofing,  it 
may  be  worth  while  to  briefly  summarize  the  different  propositions. 

The  lowest  bid  involved  the  use  of  1|  by  \  inch  T-bars  as  the 
horizontal  reinforcement,  with  vertical  bars  18  inches  apart  in 
the  walls;  no  steel  in  the  bottom;  horizontal  reinforcement  with 
a  working  stress  of  13  000  pounds  to  19  000  pounds  per  inch; 
bottom  to  be  constructed  of  concrete,  sides  of  cement  mortar, 
mixed  one  part  cement  and  three  parts  sand;  horizontal  rods 
joined  by  soft  wire  but  principal  reliance  on  the  bonding  of  the 
concrete.  Inside  plastered  with  one-half  inch  coat  one  part 
cement,  one  part  sand,  and  one-half  part  lime  paste. 

The  bid  of  the  Aberthaw  Construction  Company  was  based  on 
the  use  of  square,  cold-twisted  bars,  from  ^  inch  to  1^  inches  in 
dimensions,  the  working  stress  varying  from  13  500  pounds  per 
square  inch  at  the  bottom  to  8  000  pounds  per  square  inch  at  the 
top;  the  horizontal  bars  being  placed  in  three  rows  at  the  bottom, 
two  rows  halfway  up,  and  one  row  at  the  top;  f-inch  square  bars 
being  used  vertically,  3  feet  apart;  grill  work  of  steel  in  bottom 
for  temperature  strains;  foundations  to  be  constructed  of  one  part 
cement,  three  parts  sand,  and  six  parts  stone.  The  waterproof 
work  was  to  be  mixed  one  part  cement,  two  parts  sand,  and  four 
parts  stone,  or  so  as  to  give  an  excess  of  10  per  cent,  cement  over 
voids  in  sand.  Inside  surface  was  to  be  plastered  with  a  special 
mixture  of  cement,  sand,  glue,  and  alum. 

Another  bid  was  based  on  the  use  of  Thatcher  corrugated  bars, 
^  inch  to  1^  inches  in  dimensions,  this  reinforcement  being  used 
with  a  working  stress  of  15  600  pounds  per  square  inch.  Vertical 
bars  f  inches  in  dimensions  were  to  be  spaced  9  inches  apart  for 
80  feet  up,  and  18  inches  apart  for  the  remainder  of  the  height  of 
the  tank.  Concrete  in  walls  was  to  be  mixed  one  part  cement, 
two  and  one-half  parts  sand,  and  four  and  one-half  parts  stone; 
no  plastering  was  jDroposed  for  walls,  but  the  use  of  castile  soap 
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and  alum,  applied  in  three  coats,  was  to  be  given  wall  after 
completion. 

A  foui'th  bid  contemplated  the  reinfoi'cement  of  the  tank  by 
Johnson  corrugated  bars,  f  inches  to  1|  inches  in  dimensions, 
used  with  a  working  stress  of  15S00  pounds  per  square  inch; 
vertical  bars,  h  inch  sc[uure,  placed  12  inches  apart;  concrete  in 
bottom,  mixed  one  part  cement,  three  parts  sand,  and  seven  and 
one-half  parts  stone;  concrete  in  walls,  one  part  cement,  two  parts 
sand,  and  four  parts  stone.  The  noticeable  featui'C  of  this  proi^osal 
was  the  inside  and  outside  facing  of  the  concrete  walls  with  a 
cour.se  of  brick,  and  the  jilacing  of  a  layer  of  waterproofing  between 
the  inner  lirickwork  and  the  concrete. 

The  fifth  bid  proposed  a  mixture  of  one  part  cement,  one  and 
one-half  parts  sand,  and  three  parts  stone  for  the  first  50  feet,  and 
one  part  cement,  two  parts  sand,  and  four  parts  .stone  for  the  rest 
of  the  wall.  The  reinforcement  of  Thatcher  bars  was  to  be  used 
with  a  working  stress  of  14  000  to  19  000  pounds  per  square  inch; 
plaster  to  consist  of  two  and  one-half  coats  1  to  1  mortar,  contain- 
ing soap  and  alum,  and  a  coating,  consisting  of  lye,  alum,  and 
cement,  was  proposed  for  the  water]:)roofing  of  the  tank. 

It  is  interesting  to  note  that  the  working  stress  varied  from 
13  500  to  19  000  pounds  per  sc^uare  inch;  that  the  concrete  varied 
from  a  mixture  of  1.  2^.  5.  to  a  mortar  of  one  part  cement  to  three 
parts  sand,  and  that  the  waterproofing  in  all  cases  contemplated 
some  method  of  surface  treatment  on  the  interior  face  of  the 
wall. 

The  ])id  of  the  Aberthaw  Construction  Company  was  accepted. 

Briefly,  the  structure  is  50  feet  in  diameter,  106  feet  high  from 
the  ele^■ation  of  inside  of  bottom  of  tank  to  the  top  of  cornice, 
with  walls  IS  inches  thick  at  the  bottom  and  S  inches  thick  at  the 
top,  and  covered  with  a  Gustavino  tile  roof. 

The  inlet  pipe  rises  to  an  elevation  40  feet  above  the  bottom  of 
the  tank:  check  valves  compel  the  water  to  enter  through  this 
pipe  and  leave  through  the  24-inch  pipe  at  the  bottom  of  the  tank, 
thus  insuring  circulation.  Below  the  cornice,  ornamental  pend- 
ants of  concrete  are  ]:)laced,  just  above  a  belt  course,  and  Ijack  of 
these  pendants  openings  were  made  in  the  wall,  thus  providing  a 
large  numl)er  of  spaces  for  the  overflow  of  water  in  case  of  accident, 
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this  water  hittin^i  the  l)ack  of  the  pendant,  striking  the  belt  course, 
and  then  falHng  in  a  si)ray  to  the  ground  below,  thus  ])reventing 
any  danger  of  accident  by  washing  such  as  might  occur  if  the 
overflow  were  limited  to  one  place.  The  gatehouse  contains  two 
electrically  operated  gates,  by  which  the  standpipe  may  be  cut 
out  and  direct  service  obtained  from  the  pumping  station  to  the 
town. 

The  soil  foundation  was  an  excellent  equality  of  hard  i)an  and 
])Owlders. 

Describing  first  the  material  in  the  work  —  the  cement  was 
Atlas,  especially  fine  ground,  as  shown  in  the  following  result  of 
tests,  for  which  samples  were  taken  from  one  barrel  in  fifteen: 


Tensile  Strength. 

Condition  of 
Pat    Test. 

Fineness. 

• 

Neat. 

I  Part  Cement. 
3  Parts  Sand. 

3  hrs.  in 
Steam. 

28  d.  in 
Water. 

Percentage 
Retained  on 

200  Mesh 
Sieve. 

100 
Mesh. 

24  hrs. 

7d. 

28  d. 

7d. 

28  d. 

;i 

Average, 

Maximum, 

Minimum, 

373 
474 
203 

594  '  689 
697      793 

478      582 

266 
339 
199 

358 
422 
281 

i      Perfect      J 

14.5 
15.8 
12.3 

1.0 

1.8 
.5 

The  sand  used  was  obtained  locally,  and  had  on  the  average  an 
effective  size  equal  to  .30  millimeter,  Avith  a  uniformity  coefficient 
of  5.6.  The  stone  used,  for  the  most  part  taken  from  the  imme- 
diate vicinity  of  the  work,  was  of  excellent  quality,  with  an 
average  specific  gravity  of  about  2.68.  The  stone  was  crushed 
and  passed  through  screens  with  openings  varying  from  \  inch 
to  U  inches  diameter.  Immediately  below  the  crusher  three 
bins  were  placed  from  which  the  material  could  be  fed  directly 
into  a  Smith  concrete  mixer.  The  material  passing  the  finest 
sci-ecn  was  discharged  into  a  sand  bin,  the  medium-sized  stone 
into  the  second  bin.  and  the  coarse  stone  into  the  third  bin. 

[Mechanical  analyses  of  the  sand  and  aggregate  were  made  dail>', 
and  the  material  combined  so  as  to  reduce  the  voids  to  a  miiiiniuni. 


jjj^r       ^,.,^,,.Y,.„-j.,„..^.,,. /,.,,.  a^.^..,.f,-i,^.„-,.„  ,,,.#,.«  1«»^,  ,,,.,,.„  I-.„„^,,.,^„i^ — ,„,.„.^i_.„„,  ..„,„.„..,  i-.,-.-^  .,./,„  j-. 
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C()nsideral)lo  information,  too  detailed  for  ])resentation  in  tliis 
paper,  was  obtained  in  regard  to  the  value  of  these  mechanical 
analyses.  Tn  this  connection  it  should  be  stated  that  while  such 
analyses  well  justify  the  expense,  all  the  good  results  of  a  i)roper 
mixture  can  be  readily  discounted  in  the  placing  of  the  concrete. 
Separation  of  the  aggregate  will,  to  some  extent,  occur  in  the 
discharge  of  most  mechanical  mixers,  and  the  final  character  of 
the  concrete  for  waterproof  work  is  determined  by  the  main- 
tenance of  a  thorough  mixture  up  to  the  actual  placing  of  the 
concrete  in  the  walls,  and  the  required  degree  of  care  in  ramming 
and  "  joggling  "  the  materitil  to  place  in  and  around  the  walls. 

As  already  stated,  it  was  intended  to  use  square  twisted  bars, 
but  the  impo  ibihty  of  l^ending  these  in  a  plane  necessitated  the 
adoption  of  .^c  other  form,  and  circular  bars  of  .40  carbon 
steel,  with  an  elastic  limit  of  50  000  pounds  and  an  ultimate 
strength  of  SO  000  pounds  per  scjuare  inch,  were  finally  adopted. 
It  was  also  decided  to  use  H  inch  hars  in  two  rows  at  the  bottom 
of  the  wall,  instead  of  the  smaller  steel  l:)ars  in  three  rows,  so  as  to 
facilitate  the  placing  of  the  concrete.  The  steel  was  delivered 
in  lengths  of  56^  feet,  three  lengths  with  a  lap  of  30  inches  at  the 
ends  making  a  complete  ring. 

The  use  of  this  .40  carl)on  steel  and  the  consequent  difficulty 
in  bending  and  holding  the  bars  to  the  proper  circle  constituted 
one  of  the  principal  difficuhies  in  the  construction  of  the  work. 
This  steel  could  not  l^e  1:)ent  in  the  work  and  it  had  to  be  passed 
through  rolls,  which  did  not,  in  all  cases,  develop  the  true  curve 
out  to  the  extreme  ends. 

The  placing  of  the  steel  was  1)egun  using  the  f-inch  twisted 
vertical  bars  as  originally  planned.  It  was  soon  ascertained  that 
in  order  to  maintain  the  horizontal  reinforcement  in  proper 
alignment  and  with  the  desired  vertical  spacing,  some  other 
method  of  supporting  these  members  would  have  to  be  adopted, 
and  it  was  determined  to  use  channels,  fifteen  in  the  circle  of 
the  tank,  with  the  web  placed  radially  and  the  flanges  drilled  at 
l)roper  intervals  for  the  reception  of  short  lengths  of  ^-inch  bars, 
on  which  the  horizontal  reinforcement  was  hung  inside  and 
outside  of  the  channels.  In  this  way  the  vertical  and  horizontal 
-i^rcinii's  of  the  horizontal  reinforcement  was  insured. 
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With  this  method  considerable  difficuhy  was  encountered  in 
maintaining  the  H-inch  bars  in  alignment,  and  the  work  would 
have  ])een  facilitated  had  additional  channels  been  used.  The 
use  of  the  .40  carbon  steel  was  responsible  for  this  difficulty,  and 
had  a  softer  steel  been  employed  in  the  work,  the  erection  of  the 
tank  would  have  been  rendered  much  more  simple  and  tli'e  final 
results  more  satisfactory.  This  will  he  referred  to  later  in  my 
remarks. 

The  regular  routine  in  construction  of  walls  was.  fii'st,  the  erec- 
tion of  the  steel  for  a  height  of  about  seven  feet  or  the  depth  of 
the  form;  then  the  placing  of  the  inside  and  outside  forms;  then 
the  filling  of  the  forms  with  concrete;  then  a  cessation  of  the  work 
to  allow  the  concrete  to  set  i)receding  the  erection  of  additional 
steel.  It  will  be  noted  that  this  schedule  necessitated  a  consider- 
able interval  between  the  placing  of  the  different  layers  of  concrete. 
The  feasibility  of  insisting  on  the  continuous  placing  of  the  con- 
crete was  one  of  the  deliatable  considerations  in  the  early  days  of 
the  work,  and  one  contractor  proi:)()sed  to  follow  this  scheme, 
lilxperience,  however,  early  proved  the  impracticability  of  con- 
tinuousl}'  placing  the  concrete  in  a  tank  of  this  size.  In  smaller 
structures  where  a  complete  outside  form  can  economically  be 
erected  to  the  full  height  in  advance  of  the  work  and  ribs  for  the 
inside  form  provided,  so  as  to  permit  the  rapid  placing  of  lagging 
as  the  work  progresses,  then  it  may  be  possible  to  place  the  con- 
crete continuously.  In  a  tank  such  as  that  under  discussion,  the 
forms  must  be  sectional  and  the  steel  must  be  supported  by  the 
concrete  as  it  is  erected.  This  means  a  cessation  of  the  concrete 
work  between  the  moving  and  erection  of  the  forms  and  steel, 
which  cannot  be  avoided.  By  inserting  beveled  tonguing  pieces 
and  by  thoroughly  washing  the  joint  so  as  to  remove  all  dirt 
and  laitance,  and  by  covering  the  joint  with  a  layer  of  thin 
grout  and  mortar  before  placing  additional  concrete,  watertight 
-joints  can  be  ol^tained.  This  was  proved,  as  ])ractically  no  leak- 
age has  occurred  at  any  of  the  joints. 

It  cannot  be  too  strongly  em])hasized  that  the  final  outcome  in  a 
structure  of  this  kind  depends  ui)on  the  ])roi)er  ]ilacing  of  the 
concrete  and  the  maintenance  of  a  uniform  mixture  up  to  the 
actual  point  of  its  being  deposited  in  the  wall.     Success  depends 
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not  only  on  an  appreciation  l)y  tlie  contractor  of  the  necessary 
character  of  the  work,  but  also  Ijy  the  workmen.  With  a  mechani- 
cal mixer  preparing  concrete  rapidly  and  a  derrick  raising  it  to 
the  i)latforms  from  which  it  is  shoveled  into  the  forms,  despite 
the  fact  that  there  were  usually  a  tamper  and  spader  to  each 
shoveler,  it  was  found  that  in  certain  places  imperfect  work  would 
occur.  These  places  were  princii)ally  in  evidence  during  the  first 
few  days  of  the  work,  and  the  equality  of  the  concrete  grew  rapidly 
better  with  the  acquired  experience  of  the  workmen.  In  several 
instances  a  mixture  somewhat  too  wet  was  used,  with  the  result 
that  the  spading  and  ramming  served  to  drive  the  stone  to  the 
bottom  of  the  batch  being  placed,  with  the  result  that  in  these 
places  porous  spots  occurred.  It  was  clearly  proven  that  a  mixture 
no  more  wet  than  would  at  all  times  support  the  aggregate  was 
desirable.  Placing  concrete  in  a  thin  wall  with  a  large  part  of  the 
section  occupied  by  two  rings  of  steel  bars  calls  attention  to  the 
possibility  of  the  stone  wedging  in  and  around  the  bars  in  such  a 
way  as  to  prevent  easy  filling  of  the  entire  space.  For  this  reason 
it  is  believed  that  round  bars  are  better  than  square  bars  because 
of  the  greater  ease  with  which  the  concrete  will  fill  underneath 
them.  In  this  connection,  also,  the  advisability  of  using  a  thicker 
wall  is  worth}'  of  consideration.  On  the  other  hand,  with  a 
thicker  wall,  certain  sections  of  the  concrete  must  be  at  a  greater 
distance  from  the  steel  reinforcement  and  such  sections,  in  case  of 
deformation  of  the  steel  under  tension,  may  lose  the  effect  of  the 
adhesion  between  the  concrete  and  the  steel,  with  a  consequent 
cracking  of  the  surface. 

In  this  connection,  also,  the  advisability  of  using  a  mortar  or  a 
mixture  of  sand  and  cement  without  stone,  because  of  the  greater 
ease  and  certainty  with  which  it  can  be  jilaced,  may,  perhaps, 
justify  the  resulting  increased  expense.  It  is  estimated  that,  in 
the  tank  under  discussion,  if  a  mixture  of  1  to  2  mortar  had  been 
used  instead  of  the  1-2-4  concrete,  the  cost  would  have  been 
increased  $2  300;  with  a  1  to  2^  mortar,  $1500;  and  with  a 
1  to  3  mortar,  S750.  This  extra  expenditure  in  a  structure  costing 
$35  000  may,  perhaps,  be  justifiable  in  the  decreased  liability  of 
imperfect  concrete  and  the  greater  certainty  of  an  absolute  bond 
between  the  steel  and  the  cement. 
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When  the  walls  had  reached  a  height  of  twenty  feet,  the  tank 
was  filled  with  water  to  the  elevation  of  the  bottom  of  the  lower 
form.  A  considerable  leakage  at  once  developed.  By  plastering 
the  wall,  digging  out  the  spots  of  obviously  pervious  concrete, 
the  percolation  was  considerably  decreased,  but  these  spots  of 
poor  concrete  have,  until  recently,  always  ])een  more  or  less  in 
evidence. 

I  do  not  intend  to  enter  into  a  detailed  description  of  the 
methods  used  in  construction  except  so  far  as  to  explain  ceitain 
suggestions  which  I  believe  may  be  adopted  in  future  work. 

Immediately  on  the  completion  of  the  foundation  a  hard  pine 
tower  was  constructed  on  the  interior  of  the  standpipe  to  an  eleva- 
tion of  sixty  feet,  and  on  this  tower  a  derrick  was  erected  and 
maintained  at  this  elevation  until  the  tank  was  raised  to  the  top 
of  this  tower.  The  tower  was  then  carried  up  to  an  elevation  of 
about  one  hundred  and  ten  feet,  and  the  derrick  again  raised. 
This  tower  was  entirely  independent  of  the  walls,  and  served 
merely  to  support  the  derrick  and  dumping  platforms  from  which 
the  concrete  Avas  shoveled  into  the  forms.  The  existence  of  this 
independent  structure  was  unquestionabh'  of  advantage  in  han- 
dling the  materials,  both  concrete  and  steel.  The  tower,  includ- 
ing the  raising  of  the  derrick,  cost  about  $1  700. 

Outside  forms  made  in  sixteen  sections,  about  seven  feet  high, 
with  horizontal  ribs  and  vertical  lagging,  and  locked  together 
by  clamps  on  the  ribs,  were  jirovided  in  two  sets,  one  above  the 
other,  the  lower  one  being  loosened  and  placed  above  the  other 
as  the  wall  progressed  upward.  These  forms  were  held  in  place 
solely  by  the  binding  effect  of  the  clamps  and  the  conseciuent 
friction  on  the  completed  wall.  The  interior  fornis  were  con- 
structed of  ribs  on  which  horizontal  straight  lagging  was  laid 
during  the  progress  of  placing  the  concrete,  in  order  to  give  the 
spaders  a  better  opportunity  to  work  l^etween  the  steel  rods.  The 
forms  were  not  as  heavy  as  is  desira])le,  and  should  have  been 
])rovided  with  more  diagonal  bracing  and  better  m.eans  of  con- 
nection and  clamping  at  the  ends.  The  batter  which  was  given 
the  outside  of  tank  increased  the  difficulty  in  handling  the  outside 
forms,  which  had  to  be  adjusted  from  time  to  time  to  the  varying 
circumference.     It  is  ciuestionable  whether  the  added  effect  given 
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by  this  batter  justified  the  increased  diffieuUy  in  handling  the 
forms.  It  is  also  believed  that  it  would  have  paid  to  cover  the 
outside  forms  with  sheet  metal. 

One  of  the  conditions  to  be  strenuously  avoided  in  the  construc- 
tion of  a  concrete  structure  similar  to  that  under  discussion  is 
the  possibility  of  either  the  steel  or  the  concrete  moving  after  the 
concrete  has  been  placed  and  partially  set,  so  as  to  follow  the 
movement  of  either  the  steel  or  form.  With  the  high  carbon 
steel  used  in  the  Attleborough  tank  and  the  difficulty  of  maintain- 
ing it  in  place  without  the  rings  being  under  some  stress  during  the 
filling  of  the  forms  with  concrete,  it  seemed  impossible  to  avoid 
the  chance  that  some  movement  of  this  steel  might  take  place 
which  would  result  in  the  formation  of  a  void  in  the  concrete  wall. 
This  was  also  true  of  the  sectional  forms.  Thus,  despite  the  fact 
that  with  each  moving  of  the  lower  set  of  forms  upward  on  the 
wall  the  circle  was  carefully  taken  by  steel  tape  from  a  center 
wire  on  a  heavy  plumb  bob  from  an  independent  tower  in  the 
center  of  the  tank,  it  would  frec[uently  be  found  that  the  forms 
had  moved  a  fraction  of  an  inch  during  the  placing  of  the  concrete. 

It  may  be  worth  while  to  refer  to  the  clips  which  were  used  in 
tying  the  ends  of  the  steel  bars  together.  These  were  of  the 
Crosby  type,  three  being  placed  at  each  joint.  Aside  from  the 
increased  bond  thereby  assured,  they  were  necessary  with  the 
steel  used  by  the  Aberthaw  Company  in  order  to  tie  the  ends 
together  and  hold  them  in  place  during  the  filling  of  the  forms  with 
concrete.  Without  these  clips  the  wall  never  could  have  been 
erected.  Joints  put  together  on  the  work,  and  tested  at  Wafer- 
town  Arsenal,  proved  that  the  three  clips  developed  the  working 
stress  of  the  steel.  As  the  clips  failed  by  tipping,  it  is  believed 
that,  allowing  for  the  supporting  effect  of  the  concrete,  the  joints 
in  the  work  will  develop  the  elastic  limit  of  the  steel. 

As  a  matter  of  interest  it  may  be  stated  that  the  1-2-4  concrete 
in  walls  cost,  approximately,  as  follows: 
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Cost  of  Concrete  in  Walls. 

Per  Cubic  Yard. 

Comcnt S4.S0 

Sand  and  stone      3.90 

Mixing  concrete .40 

Placing  concrete 2.20 

Form  work 2.65 

Total $13.95 

Bending  and  placing  steel  cost  about  $9  per  ton,  or  S2.30  per 
cubic  yard  of  concrete.  There  were  770  cubic  yards  of  concrete 
in  the  walls,  and  about  185  tons  of  steel.  The  clips,  of  which 
about  3  000  were  used,  cost  $1  100. 

The  work  of  placing  the  concrete  in  the  walls,  because  of  various 
reasons,  progressed  slowly,  and  the  cornice  was  not  completed 
until  after  October  1,  1905.  After  this  the  tile  roof  was  con- 
structed, with  the  consequence  that  plastering  the  interior  surface 
w^asnot  begun  before  cold  weather  had  set  in.  It  was  attempted 
to  heat  the  interior  so  as  to  permit  the  completion  of  this  work, 
but  it  was  found  to  be  impracticable.  By  agreement  with  the 
contractor,  the  town  concluded  to  use  the  structure  throughout 
the  winter,  despite  the  fact  that  from  the  beginning  of  construction 
more  or  less  leakage  had  been  in  evidence.  The  principal  reason 
for  concluding  to  keep  the  structure  full  of  water  was  the  hope 
that,  with  use,  the  leakage  would  decrease  by  precipitation  of  the 
carbonates  in  the  voids  of  the  concrete.  This  action  has  always 
been  in  evidence,  and  frequently  leaks  will  absolutely  stop  and 
then  apparently,  by  the  breaking  of  this  carbonate  dam,  subse- 
cjuently  open.  It  is  to  be  noted  that  at  no  time,  so  far  as  the 
amount  of  water  loss  is  concerned,  have  the  leaks  been  serious, 
and  if  the  standpipe  were  located  where  freezing  weather  did  not 
occur,  the  structure  would  have  been  satisfactory  even  in  the 
condition  under  which  it  was  used  last  winter. 

The  use  of  the  standpipe  developed,  in  certain  places,  along 
towards  spring,  spots  of  several  square  feet  in  area  which  scaled 
off  the  exterior  surface,  apparently  being  thrown  out  by  pockets 
of  water  which  had  collected,  frozen  and  expanded.  These 
pockets  w^ere  unquestionably  due  to  the  movement  of  the  steel  or 
forms  during  construction  at  a  time  sufficiently  long  after  the 
placing  of  the  concrete  so  that  some  set  had  occurred.     This 
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scaling  of  the  exterior  surface  was  confined  to  areas  in  the  lower 
fifteen  to  eighteen  feet  of  the  tank.  No  additional  leakage 
developed,  and  in  all  ca.ses  the  (  oiicietc^  taid<,  other  than  these 
scaled  areas,  remained  in  excellent  condition. 

With  the  return  of  s])]-ing,  the  Aberthaw  C()nst ruction  Company 
undertook  the  completion  of  the  work,  re])airing  the  defacement 
of  the  outer  surface  and  plastering  the  inside.  The  result  has  been 
that,  with  the  completion  of  the  plastering,  details  of  which  will, 
presun^ably,  be  given  by  Mr.  Wason,  the  leakage  was  decreased 
to  practically  a  sweating  in  a  limited  number  of  spots.  Since  then 
a  number  of  alternate  coats  of  castile  soap  and  alum  have  been 
applied,  with  the  consequence  that,  at  the  time  of  last  observation 
made  by  the  speaker,  there  was  no  sign  of  any  leakage  except  in 
one  spot  about  a  foot  square,  where  there  was  a  slight  sweating. 

The  working  stress  in  the  steel  varies  from  8  UUO  to  13  500 
pounds  per  square  inch.  At  the  highest  limit  the  maximum 
deformation  in  the  steel,  due  to  water  pressure,  will  be  about 
.43  of  an  inch  in  the  semi-circumference.  The  adhesion  between 
the  steel  and  the  concrete,  which  is  many  times  in  excess  of  the 
working  tensile  stress,  prevents  movement  of  the  concrete  on  the 
steel,  but  at  the  surface  section  most  distant  from  the  reinforce- 
ment minute  cracks  have  developed,  invisible  when  the  wall  is 
dry  and  only  to  be  found  as  the  tank  is  di'ying  out  or  in  the  manner 
used  by  Professor  Turneaure  in  testing  beams.  This  suggests 
the  possible  advisability  of  distributing  the  reinforcement  so  as  to 
bring  it  as  near  the  inside  surface  of  the  tank  as  possible,  in  such 
a  way  that  the  interior  section  will  partake  of  the  adhesion  between 
steel  and  concrete.  On  the  other  hand,  there  are  some  re^asons 
for  concentrating  the  steel  as  nearly  as  possible  in  one  plane  in 
order  to  make  certain  that  all  rods  are  brought  under  tension 
uniformly. 

As  all  steel  structures  economically  designed  must  be  based  on 
some  deformation,  and  as  in  this  case  the  elastic  reinforcement 
is  surrounded  by  a  particularly  inelastic  medium,  it  would  appear 
that,  except  so  far  as  the  adhesion  of  the  steel  and  the  concrete 
will  counteract  the  results  of  stretch  in  the  structure,  water- 
tightness  must  be  obtained  by  some  elastic  coating  which  will 
cover  the  minute  checking  of  the  surface.     It  is,  of  course,  un- 
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necessary  to  state  that  these  cracks  are  al)S(jKUely  microscopic  and 
entirely  invisil)le  except  as  indicated  by  the  narrow  wet  streak 
which  remains  after  the  tank  has  practically  dried  out.  It  has 
])een  suggested  that,  by  adding  lime  or  soap  to  the  concrete,  the 
concrete  might  l)e  made  more  waterproof.  It  is  C[uestionable 
whether  this  would  prevent  the  checking  of  the  surface,  and  unless 
it  is  possilile  to  use  steel  with  such  stress  as  to  bring  the  stiTicture 
witliin  tlie  elastic  limits  of  the  concrete,  waterproofing  under 
higher  heads  must  be  obtained  by  an  elastic  skin  coat.  This 
coat  the  Sylvester  process  is  apparently  able  to  provide. 

Another  feature  in  the  design  of  a  structure  of  this  type  is  the 
reinforcement  connection  between  bottom  and  sides.  This 
involves  another  form  of  the  old  prol)lem  of  an  arched  dam. 
With  a  working  stress  which  will  make  such  a  reinforced  tank 
economically  possible  there  will  be  some  stretch  in  the  steel — - 
the  bottom  is,  of  course,  under  compression  alone.  It  would, 
therefore,  seem  that  radial  reinforcement  of  the  bottom  running 
up  through  the  connecting  fillet  and  well  into  the  sides  is  worthy 
of  consideration. 

The  above  discussion  has  been  intended  to  call  jiarticular 
attention  to  the  incidental  difficulties  encountered  in  the  building 
of  the  reinforced  standpipe.  This  has  l^een  clone  with  the  feeling 
that,  in  a  new  field  of  this  kind,  l)y  this  way  alone  can  progress  be 
made.  Because  particular  attention  has  been  paid  to  the  diffi- 
culties encountered  and  to  the  possible  improvements  in  future 
design,  the  conclusion  should  not  be  drawn  that  the  structure  is 
not  a  success.  The  engineer,  the  contractor,  and  the  authorities 
at  Attleborough,  have  always  been  perfectly  satisfied  that  no  mis- 
take has  been  made  in  adopting  this  type  of  reservoir. 

Summing  up  the  results  of  exjierience,  it  would  ap])ear  that  a 
soft  steel  should  be  used,  distributed  so  as  to  permit  as  much 
greater  section  of  the  steel  to  partake  of  the  effects  of  adhesion 
as  possible;  that  extreme  care  must  be  taken  to  prevent  move- 
ment of  the  forms  and  steel  during  the  placing  of  the  concrete; 
and  that  in  all  probability  the  greater  ease  and  surety  of  absolutely 
filling  the  voids  will  justify  the  use  of  a  mixture  of  cement  and 
sand  alone  or,  perhaps,  with  fine,  clean,  screened  gravel  added, 
the  primary  enileavor  to  be  to  make  the  body  as  a  whole  as  homo- 
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geneous  and  impervious  as  possible,  trusting  for  final  waterproof- 
ing to  a  fine  coating  of  some  elastic  preparation,  the  necessary 
attributes  of  which  are  apparently  fulfilled  by  the  so-called 
Sylvester  process. 

Mr,  Leoxard  C.  Wasox.*  Previous  to  bidding  on  the  rein- 
forced concrete  standpipe  at  Attleborough,  J\Iass.,  the  writer  had 
built  a  number  of  watertight  cellars,  six  swimming  tanks,  and 
quite  a  number  of  cement  tanks  for  various  purposes.  Most  of 
these  were  waterproofed  entirely  in  concrete.  The  greatest  head 
of  water  in  any  of  them,  however,  was  ten  feet.  From  this  expe- 
rience the  writer  saw  no  difficulty  in  constructing  a  tank  to  hold 
one  hundred  feet,  and  subsequent  experience  has  not  changed 
this  view. 

The  specifications  and  j)lans  were  left  open  for  the  bidders  to 
design  the  reinforcement  and  suggest  the  mixture  of  the  con- 
crete. In  addition  to  the  hydrostatic  pressure,  allowance  was 
made  for  ice.  By  reference  to  Trautwine's  ''Handbook,"  the 
writer  found  the  maximum  theoretical  ice  pressure  would  burst 
the  strongest  steel  tank  ever  Iniilt,  and  he,  therefore,  arbitrarily 
assumed  a  tension  from  ice  of  30  000  pounds  per  foot  of  height 
on  the  concrete  from  top  to  bottom.  The  steel  was  designed  for 
a  maximum  tension  of  18  000  pounds  per  square  inch,  of  which 
13  500  pounds  was  due  to  water,  the  balance  to  the  assumed  ice 
pressure. 

Subsequent  experience  would  indicate  that  there  is  no  trouble 
from  ice,  and,  therefore,  the  maximum  stress  is  that  due  to  water 
only. 

As  the  result  of  an  elaborate  series  of  experiments  carried  on 
by  the  Metropolitan  Water  Board  at  Clinton,  confirmed  by  others, 
and  also  by  the  writer's  own  experiments  and  experience,  it  has 
been  determined  that  mortar  made  of  1  cement,  2  sand  is  im- 
pervious to  water;  and  concrete  approximating  1-2-4,  but  with 
from  5  to  10  per  cent,  excess  of  mortar  over  the  voids  in  the  stone, 
would  also  be  waterproof.  These  were  the  mixtures  that  were 
used,  and  they  proved  very  nearly  waterproof.  In  selecting 
material,  the  writer  desired  to  use  gravel  screenings,  but  as  none 
were  available,  and  as  there  was  a  large  quantity  of  hard  stone 

♦President  .\berthaw  Construction  Company,  Boston  Mass. 
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in  the  immediate  vicinity,  broken  stone  was  used.  A  good 
quality  of  clean,  coarse,  sharp  sand  was  obtained  nearby.  Atlas 
Portland  cement  was  used  throughout.  A  careful  mechanical 
analysis  of  the  sand  and  stone  was  made  daily  in  order  to  get  as 
well-graded  sizes  of  materials,  and,  therefore,  as  dense  concrete 
as  was  possible. 

In  the  design  as  finally  executed  the  steel  reinforcement  con- 
sisted of  l|-inch  diameter  plain  round  bars  in  two  rings  from  the 
bottom  to  a  height  of  60  feet.  Above  this  a  single  row  of  steel 
was  used,  which,  at  81  feet,  was  reduced  to  1^-inch  diameter. 
There  w^ere  2^  inches  of  concrete  outside  of  the  outer  ring,  and  4 
inches  between,  so  as  to  give  freedom  in  placing  concrete;  and 
the  spacing  of  the  bars  vertically  increased  with  their  height  above 
bottom  from  3J  inches  to  8  inches,  corresponding  with  the  reduced 
pressure  from  water.  They  were  about  56^  feet  in  length,  so  that 
three  made  a  complete  ring,  and  were  united  at  the  ends  with  three 
Crosby  guy-rope  clips  on  a  splice  of  at  least  30  inches.  They  were 
supported  rigidly  in  place  by  fifteen  vertical  4-inch  channels  with 
pins  passing  through  holes  punched  in  their  flanges  at  the  spacing 
on  plans,  thus  giving  the  exact  spacing  desired.  Each  splice 
was  advanced  5  feet  over  that  on  the  adjoining  bars,  so  that  no 
two  splices  in  either  ring  came  in  line;  and  in  one  vertical  plane 
there  was  but  one  splice  in  eleven  bars. 

After  the  tank  was  completed  a  coat  of  plaster  was  applied  to 
the  inside  by  the  same  workmen  who  had  done  the  concrete. 
These  men  were  not  skilled  in  plastering. 

The  i)lant  consisted  of  a  horizontal  boiler  with  engine  mounted 
on  its  back,  driving  a  Sturtevant  roll  jaw  crusher,  which  crushes 
all  stone  to  the  size  of  1  inch  or  smaller;  elevator,  rotary  screen, 
and  Imus  from  which  stone  was  drawn  into  a  measuring  hopper 
and  fed  into  a  Smith  concrete  mixer.  A  circular  and  band  saw 
were  also  attached  to  engine.  A  heavy  tower  of  hard  pine  was 
built  in  the  center  of  tank,  on  top  of  which  was  a  derrick  with 
40-foot  boom  handled  by  engine  on  the  ground,  which  also  had  a 
revolving  gear  attached.  The  steel  bars  were  bent  by  being  pulled 
thi-ough  a  tire  bender  around  a  curved  form  by  a  steam  engine. 

The  soil  gave  an  exceptionally  good  Ijearing.  Trenches  were 
excavated  below  frost  line,  the  pipes  laid  and  embedded  in  the 
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concrete  mixed  1-3-0.  This  included  18-inch  thickness  over  the 
entire  area  of  tank.  U])()n'  this  base  the  waterproof  concrete  of 
tank  began.  The  floor  and  a  jiortion  of  wall  about  2^  feet  high 
was  cast  at  one  continuous  operation  in  order  to  avoid  all  seams 
and  joint.  This  floor  was  1  foot  thick  and  was  finished  with 
granolithic  troweled  on  as  an  integral  ])art  of  the  construction, 
and  reinforced  with  ^-inch  twisted  steel  bars  6  inches  on  centers 
in  both  directions  near  the  surface  in  order  to  resist  shrinkage 
cracks.  Quite  a  number  of  bars  were  also  embedded  in  the  floor 
radially  and  turned  up  in  the  wall  to  bond  the  two  rigidly  together. 

After  completing  the  floor  the  tower  and  derrick  were  erected; 
steel  was  set  to  a  height  of  7^  feet,  and  wooden  forms,  which  were 
7^  feet  high,  made  in  sections  about  11  feet  long,  were  erected. 
The  outer  forms  were  lagged  vertically;  the  inner  ones  were 
lagged  horizontally,  one  board  at  a  time,  while  wall  was  being 
filled,  so  that  the  concrete  was  always  accessible  while  being  placed. 
When  placing  concrete,  the  work  was  clone  in  four  places  around 
the  circumference  at  once,  and  as  rapidly  as  possible  so  as  to 
obtain  monolithic  work,  the  entire  circumference  being  kept  at 
uniform  height,  and  the  7^  feet  being  filled  before  stopping.  At 
^he  top  a  strip  of  beveled  2-inch  by  3-inch  wood  was  put  in  the 
middle  of  wall  to  form  a  groove.  Before  again  placing  concrete, 
the  top  surface  was  thoroughly  scrubbed  with  water  to  wash  away 
all  laitance,  and  then  the  groove  and  to])  of  the  wall  was  com- 
pletely coated  with  neat  cement.  This  joint  proved  very  effect- 
ive. The  operation  of  placing  steel  and  raising  forms  took  three 
days,  so  that  the  surface  on  which  concrete  was  placed  was  quite 
hard  when  the  work  of  placing  was  resumed. 

Leakage,  etc.  —  Water  was  admitted  to  the  tank  as  it  rose  in 
height,  the  water  being  kept  about  twenty  feet  below  the  working 
surface.  Numerous  small  leaks  developed,  but  only  two  were  of 
sufficient  size  to  squirt  beyond  the  face  of  wall.  From  personal 
observation  and  cross  examination  of  every  one  interested  in 
the  construction,  the  Avriter  has  been  unable  to  learn  that  an}' 
leak  appeared  at  a  high  head  which  did  not  appear  first  at  a  low 
head.  The  quantity  leaking  in  some  cases  increased  with  the 
head.  The  total  volume  of  water  lost  was  small  and  decreased 
with  time,  the  leaks  a]ipearing  to  silt  up.     Were  it  not   for  frost 
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they  would  not  be  worthy  of  consideration.  In  but  three  or  four 
places  was  there  any  indication  by  discoloration  on  the  surface 
that  the  leakage  had  rusted  the  iron.  On  account  of  frost,  it  is 
objectionable  to  have  walls  so  saturated  with  water,  as  it  might 
lodge  in  pockets  and  spall  off  the  surface.  This  actually  occurred 
in  some  places  last  winter.  Where  there  were  leaks  a  white 
substance  was  washed  to  the  surface  and  deposited.  By  chemi- 
cal analysis  this  proved  to  be  almost  entirely  calcium  carbonate, 
together  with  some  calcium  hydrate.  This  indicates  simply  that 
free  lime  was  leached  out  of  the  cement.  After  the  plastering  was 
completed  on  the  inside,  water  was  almost  immediately  admitted, 
and  when  drained  out,  some  months  later,  a  de])osit  of  muddy 
appearance  was  found  on  the  bottom  of  tank.  This,  by  analysis, 
was  found  to  be  iron,  alumina,  sand,  and  calcium  hydrate;  it 
was  decomposed  cement  from  which  most  of  the  alkali  had 
been  removed,  doubtless  due  to  water  being  admitted  too  soon. 

The  first  coating  of  plaster  was  not  successful  in  stopping  the 
leaks.  The  tank,  nevertheless,  was  put  into  service  and  became 
nearly  tight.  Last  spring  it  was  replastered  in  a  most  thorough 
and  careful  manner,  in  the  lower  twenty  feet  five  coats  being  used, 
but  with  no  better  result.  Subsequently,  Sylvester  solution  has 
been  applied  as  follows:  Thoroughly  clean  and  dry  the  wall; 
then  a  pure  Castile  olive-oil  soap  solution  was  used,  12  ounces  to 
one  gallon  of  water,  applied  boiling  hot.  Twenty-four  hours  later, 
when  the  wall  was  dry,  a  solution  of  alum  (2  ounces  to  a  gallon 
of  water)  was  applied  at  the  normal  atmospheric  temperature; 
soap  and  ahini  washes  alternated  for  four  coats  of  each.  This  is 
the  method  used  on  the  Croton  reservoir  to  waterproof  brick  walls 
in  1870.  The  result,  although  not  perfect,  was  very  encouraging, 
and  four  additional  coats  have  been  applied,  the  work  not  being 
yet  finished.  The  last  time  the  WTiter  visited  the  tank,  with 
fifty  feet  of  water,  there  was  but  one  leak,  and  this  produced  only 
a  wet  spot  the  size  of  the  hand. 

As  a  result  of  this  work,  the  writer  believes  that  the  success  of 
this  type  of  construction  has  been  proved.  While  every  means 
and  all  information  that  the  present  state  of  the  art  yielded  were 
availed  of,  still  from  the  ex]ierience  gained  some  further  improve- 
ments can  be  made.     For  instance,  a  low  working  stress  should 
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be  used  in  the  steel  to  avoid  ciatdvin.ii  tiie  cement,  and  soft  steel 
should  be  used  instead  of  nietliuni  hard;  also  a  change  in  the  num- 
ber and  arrangement  of  l)ars.  Some  improvement  could  be  made 
in  forms  to  avoid  possibility  of  movement  of  concrete  after  being 
placed  \vhile  setting  which  would  cause  porosity  around  the  rein- 
forcement. A  little  stronger  n.ortar  and  less  stone  could  be  used 
to  good  advantage;  and  some  changes  in  mechanical  plant  could 
be  inade  in  connection  with  the  aliove  changes  which  would  siir.- 
plify  the  work  of  erection. 

Using  a  working  stress  of  13  500  i^ounds  in  the  steel  and  a 
modulus  of  30  000  000  })ounds,  the  stretch  in  semi-circumference 
of  81  feet  when  tank  is  full  of  water  would  be  .444  inch.  It 
would  seem  that  concrete  could  stretch  this  much  without  ci'ack- 
ing.  but  experience  has  shown  otherwise,  as  twenty-foui'  hoiirs 
after  water  is  drawn  from  the  tank,  when  the  walls  are  drying, 
so-called  "  water  cracks  "  sho-w:  fine  vertical  dark  lines,  with  a 
few  horizontal,  v/hicli  indicate  that  the  surface  of  the  cement  has 
been  cracked.  They  are  invisil)le  wlien  wall  is  dry.  The  plaster 
coat  cracked  directly  over  the  cracks  in  the  wall.  This  would 
indicate  that  concrete  is  an  exceedingly  rigid  and  inelastic  material. 
An  elastic  material  is  used  to  bind  together  a  brittle  material 
that  will  crack  at  one  tenth  the  stretch  steel  has  at  its  elastic 
limit.  This  is  the  serious  problem  of  stanclpipe  design.  If 
enough  steel  is  used  to  ]3revent  cracks,  its  cost  is  prohibitive;  if 
a  less  amount  is  used,  the  concrete  cracks  and  leaks.  Therefore, 
as  a  compromise,  use  a  low  stress  in  steel  and  an  elastic  water- 
proof skin  on  the  inside.  The  coat  of  Sylvester  solution  appears 
to  be  sufficiently  elastic  to  form  a  watertight  skin  which  would 
stretch  without  cracking  and  thus  ])roduce  the  desired  result. 
With  the  experience  in  tlie  construction  of  this  taids;  and  a  few 
others  which  have  been  built,  the  art  Avill  soon  be  so  perfected  as 
to  make  this  type  of  construction  safe  and  sane  for  all  locations. 
In  cost  such  construction  can  compete  for  large  tanks,  but  n(jt 
for  small  ones. 

Tastly,  a  necessary  element  of  success  is  to  let  this  t}  pe  of 
work  only  to  contractors  with' large  experience,  who  will  appre- 
ciate the  difficulties  and  have  the  technicrd  knowledge  and  a  con- 
scientious desire  to  master  them. 
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PU.MPIXG  WITHOIT  ATTEXDAXTE. 

BY     S.     A.     AGNEW,     SUPERINTENDENT     SCITUATE     WATER     WORKS, 

NORTH    SCITUATE,    MASS. 

[Read  SeiHember  13,  1906.] 

When  I  came  to  read  the  title  that  I  gave  to  the  troubles  that 
I  ha^■e  endured  at  my  pumping  station  for  the  past  five  years,  it 
struck  me  as  rather  a  liold  title  and  not  very  far  from  misleading; 
for  really,  there  is  no  machine  that  requires  closer  and  more 
exacting  attention  than  the  so-called  automatic  machine;  and 
particularly  is  this  so  of  the  internal  combustion  engine,  whether 
it  use  gas,  gasolene,  kerosene  or  what  not;  for  the  slightest  dis- 
arrangement of  any  of  its  parts,  or  the  least  obstruction  to  its 
ignition,  or  to  its  flow  of  gas,  throws  the  whole  n:;achine  out,  and 
before  you  can  say  "  Jack  Robinson  "  your  engine  has  slowed 
down  and  stopped;  and  then  you  have  a  grand  good  chance  to  get 
to  work  and  get  all  covered  with  grease  and  dirt,  finding  out 
your  trouble,  and  one  of  the  best  opportunities  in  the  world  to 
exercise  the  God-given  virtue  of  patience  in  getting  your  engine 
started  again. 

However,  .Mr.  Kent  seemed  to  think  you  gentlemen  didn't  have 
trembles  enough  of  your  own.  but  must  needs  share  mine,  and  so 
I  will  tell  you  some  of  them  and  then  be  ready  to  receive  3'our 
congratulations  —  or  commiseration  —  when  I  get  through  my 
story. 

I  don't  suppose  there  is  any  call  at  this  time  to  speak  of  the 
general  principle  of  the  gas  engine;  undoubtedly  you  are  all 
familiar  with  it,  or  if  not  you  will  find  the  subject  pretty  thor- 
oughly covered  in  the  catalogues  of  the  various  engines;  and  as 
for  their  good  points,  just  read  a  few  of  these  circulars  and  booklets 
—  or  better,  get  hold  of  a  salesman.  But  if  you  want  to  know 
what  thoroughly  tantalizing,  "cussed  "  things  they  are —  run  them. 

The  works  that  I  have  to  do  with  are  comparatively  small; 
we  get  our  water  from  driven  wells  and  pump  into  a  standpipe  on 
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a  hill  about  three  quarters  of  a  mile  from  the  pumping  station, 
and  when  the  standpipc  is  full,  we  have  about  175  feet  head  at 
the  pump. 

A  most  serious  problem  with  us  is  the  vacuum  we  jJump  against. 
We  have  a  good  supply  of  good  water,  but  it  comes  hard  and  slow, 
and  this  summer  our  vacuum  gage  has  registered  as  high  as  twenty- 
five  inches. 

We  pump  our  water  with  two  single-acting,  triplex  pumps 
(made  by  the  Piatt  Iron  Works) ,  driven  direct  by  two  Hornsby- 
Ackroyd  oil  engines  of  sixteen  horse-power  each;  that  is,  each 
pump  of  about  a  quarter  of  a  million  gallons  capacity  per  day 
is  operated  by  its  own  engine.  And  it  is  with  the  engine  end  of  it, 
mostly,  that  IMr.  Kent  wishes  me  to  deal  to-day. 

The  great  consideration  in  favor  of  this  kind  of  engine  is  on  the 
score  of  low  cost  of  operating. 

Under  ordinary  conditions  these  engines  can  be  started  by 
any  ordinarily  intelligent  man;  the  pumping  station  can  then  be 
locked  up,  and  the  man  go  off  about  his  work  for  the  day,  returning 
at  night  to  shut  down,  or  to  oil  up  if  the  engine  is  to  be  inin  all  night. 

This  I  have  done  for  the  past  five  years;  and  while  there  are 
some  drawbacks  in  such  works  as  ours,  where  we  have  only  a 
standpipe  twenty-five  feet  in  diameter  and  seventy-five  feet  high 
to  pump  into, —  and  unless  the  standpipe  is  kept  pretty  nearly  full, 
people  on  the  high  hills  get  out  of  water, — still,  for  small  works 
that  can  hardly  afford  an  engineer  at  the  pumping  station  all  the 
time,  it  is  a  very  cheap  way  and  a  very  satisfactory  way  to  pump 
water. 

And  now  as  to  the  engines  themselves:  The  Hornsby-Ackroyd 
oil  engine  —  the  kind  we  use  —  is  a  very  simple  machine,  with 
very  few  parts  to  get  out  of  order;  so  simple,  indeed,  that  one 
would  suppose  it  couldn't  get  out  of  order.  And  yet,  strange  as 
it  may  seem,  it  does. 

It  is  a  four-cycle  engine,  of  the  hot -surface  ignition  type. 

To  start  it,  the  vaporizing  cap  has  to  be  heated  by  an  ordinary 
coil  lamp  until  it  is  hot  enough  to  vaporize  the  charge  of  oil  that 
is  sprayed  into  the  chamber,  and  after  that  the  explosions  in  the 
vaporizer  keep  it  sufficiently  hot  to  vaporize  the  oil,  without 
any  outside  help  from  the  heater. 
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The  >*ngine  manufacturers  claim  that  these  engines  can  be 
started  in  from  five  to  ten  minutes,  and  possibly  they  can  if  every- 
thing is  in  ideal  condition;  but  I  have  found  in  practice  that  it 
really  takes  from  twenty  minutes  to  half  a  hour. 

This  is  not  all  lost  time,  however,  for  it  ordinarily  requires  that 
length  of  time  to  get  the  engine  and  pump  oiled  up  and  generally 
attended  to.  For  you  must  know,  that  if  a  machine  like  this  is 
to  be  left  to  run  itself  for  hours  at  a  time,  and  no  one  to  see  it,  all 
the  care  and  attention  which  the  oidinary  engine  has  bestowed 
ui)on  it  continuously  has  in  this  case  to  be  crowded  into  the  time 
^\•hen  the  engine  is  being  started;  and  if  this  idea  is  not  kept  in 
mind,  and  any  part  is  overlooked  or  only  carelessly  attended  to, 
it  is  pretty  sure  to  result  disastrously. 

This,  I  believe,  is  the  all-important  thing  to  impress  on  the  mind 
of  the  man  who  runs  one  of  these  engines.  And  even  after  all 
the  carefulness  ])ossil)le.  there  will  things  happen  that  no  one  can 
foresee. 

For  instance,  one  day  T  was  driving  down  in  the  direction  of 
the  pumping  station,  j  nd  net  an  old  Irish  teamster  who  was 
working  for  me  at  that  time.  When  the  old  man  spied  me  coming, 
he  got  off  his  "  jigger,"  and  with  his  hands  up  to  hail  me  and  a 
look  of  terror  on  his  face,  shouted  almost  before  I  was  within 
hearing,  "  Misther  Agne\\'.  dft  engine  ish  goin'  like  hell."  And 
sure  enough,  when  I  got  to  the  station  things  did  look  and  sound 
as  though  they  were  going  in  the  direction  the  old  man  suggested. 

A  key  that  held  the  governor  had  worked  out  and  the  engine 
was  racing.  It  was  rather  terrifying  to  go  in  r.nd  stop  it  amidst 
all  the  noise  and  clatter  of  the  racing  engine  and  ]X)unding  of  the 
l)ump.  But  when  it  w?s  done  and  the  engine  looked  over  care- 
fully, no  damage  could  be  found  —  not  even  a  warm  lier.ring. 
And  so  the  governor  Wiis  fixed  u])  and  the  engine  started,  appar- 
ently none  the  worse  for  its  race. 

And  speaking  of  warm  lieai-ings*  The  greatest  and  most  con- 
stant danger  in  this  method  of  pun  ping  is  hot  bearings. 

!Most  of  the  pump  bearings  are  designed  to  use  grease,  and  on 
these  we  use  a  mixture  I  n.ake  u])  myself  of  Albanj'  grease  and 
gra]ihite.  Occasionally  one  of  these  bearings  will  warm  u]i  a 
little   and  the   grease   melting   and  running   out    faster  than    it 
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ought  gets  thrown  aroiiiid  by  the  revolving  criiiik  and  cvorytliing 
around  gets  l)es])att('r(Ml  willi  tluit  l)hu'k  grease.  However,  the 
('Ui)s  are  pretty  hu'ge  to  ;dlow  foi'  just  such  ]ia])i)enings,  and  so  no 
hearing  htiS  ever  l)een  reaUy  damaged  on  the  ]^unip. 

On  the  engine  bearings,  nothing  l)ut  oil  is  used;  and  I  never  was 
fully  sr.tisfied  with  the  different  methods  used  for  lubricating  the 
different  parts,  so  I  have  supplemented  them  willi  little  devices 
of  my  own.  And  even  now  they  are  a  constant  soui'ce  of  anxiety 
to  me,  for  the  piston  velocity  is  pretty  high,  and  let  anything 
occur  to  obstruct  the  proper  drip,  or  let  them  drip  too  fast  and  so 
em]:)ty  a  cup,  and  there  is  sure  to  be  something  ruined. 

There  was  another  difficulty  that  caused  me  no  end  of  annoy- 
ance at  one  time,  though  I  am  not  troubled  with  it  now.  The 
engine  made  carbon  in  the  vaporizer.  It  was  the  funniest  thing, 
too,  and  I  never  had  the  satisfaction  of  knowing  just  why  it  did  it, 
either.  This  carbon  would  form  in  loose  balls  from  the  size  of  a 
pea  to  the  size  of  a  hen's  egg;  and  when  about  so  much  had 
formed  the  engine  would  cool  down  and  stop.  It  was  the  most 
baffling  thing  with  which  I  ever  had  to  deal. 

The  engine  has  stopped  as  many  as  three  times  a  day,  and  each 
time  it  stopped  the  vaporizer  cap  had  to  be  taken  off  and  the 
carbon  removed  —  from  a  quart  to  two  quarts  of  it.  And  then 
at  times,  for  no  apparent  cause,  the  engine  would  run  for  weeks, 
and  not  deposit  one  particle  of  it,  and  then  as  suddenly  begin 
again. 

I  did  everything  I  could  possibly  think  of,  to  remedy  it; 
took  the  engine  all  apart,  time  after  time,  without  any  result; 
for  the  engine  would  seem  to  deposit  this  carbon  just  when  it  saw 
fit.  I  had  men  from  the  factory  who  were  supposed  to  be  experts, 
who  did  the  same  things  I  did,  and  did  just  about  as  much  good; 
and  the  only  satisfaction  I  could  get  from  them  (and  their  bills 
of  expense)  was,  that  the  engine  ought  not  to  do  it. 

However,  as  I  said,  I  don't  have  this  trouble  to  contend  with 
noA^,  and  the  only  reason  I  speak  of  it  is  because  I  understand  there 
are  members  of  the  association  who  contemplate  installing  engines 
similar  to  these,  and  this  is  one  of  the  troubles  they  may  have. 

Now  these  are  some  of  the  troubles  I  have  had  in  the  past. 
As  to  the  advantages  of  this  method  of  pumping,  as  I  said  before, 
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the  engine  can  be  left  entirely  to  itself,  and  if  it  is  properly  attended 
to  when  starting  up.  will  need  no  attention  whatever  for  ten  or 
fifteen  hours. 

Tlic  time  required  to  start  my  engine  in  the  morning  so  that 
I  can  go  through  the  day  with  a  comparative  feeling  of  security 
is  about  an  hour.  Say  the  machine  is  to  run  all  night  also,  it 
will  require  a])0ut  another  hour  in  the  evening  to  oil  up. 

Now,  ordinarily,  this  is  all;  and  you  must  know  that  this  is 
not  very  much  time  to  put  on  a  machine  for  a  twenty-four-hour  run. 

About  twice  a  week  the  spray  valve,  a  valve  that  sprays  the  oil 
into  the  va])orizer,  ought  to  be  taken  out  and  thoroughly  cleaned, 
and  an}'  dirt  or  obstruction  removed;  this  takes  about  ten  or  fifteen 
minutes,  and  can  he  done  generalh'  while  the  engine  is  heating  up, 
so  that  no  extra  time  need  be  charged  up  on  that  account. 

For  the  benefit  of  the  association,  I  have  made  some  accurate 
tests  during  the  past  month  to  ascertain  the  fuel  cost  of  ]uim]iing 
with  this  kind  of  engine.  Every  bit  of  oil  has  been  mer.sured 
very  carefully,  and  a  close  record  kept  of  the  hours  and  minutes 
the  engine  has  run,  and  I  might  say  that  is  the  first  time  I  ever 
attempted  to  make  a  really  accurate  test. 

The  fuel  we  use  is  a  cheap  fuel  oil  that  can  l^e  bought  in  Boston 
for  about  4^  or  5  cents  per  gallon  in  l^arrel  lots.  It  can  be  bought 
considerably  cheai)er  in  tank  cars  and  in  some  other  places.  1 
have  l)ought  it  as  low  as  2f  cents  of  an  independent  oil  concern, 
but  on  account  of  increased  transportation  charges,  it  co.st  us 
about  as  much  as  oil  bought  in  Boston  at  a  higher  price;  and  we 
can  get  it  at  shorter  notice  from  Boston.  So  that  for  our  works 
the  most  satisfactory  place  to  purchase  is  in  Boston. 

By  careful  measurement,  extending  over  a  considerable  period, 
I  found  the  average  consumption  of  oil  to  be  1.14  gallons  per 
hour.  The  average  head,  including  friction,  was  180  feet.  The 
amount  of  water  pumped  was  calculated  from  the  number  of 
revolutions  of  the  jnimji,  and  the  average  dis):>lacement  per  hour 
was  9  600  gallons,  from  which  I  took  5  per  cent,  for  slip. 

9  600  — 5^f  =  9  120. 

This  divided  by  1.14  gives  8  000  gallons  of  water  ]nim]")ed  per 
gallon  of  oil  consumed;  or.  with  oil  at  1  cent  per  gallon,  the  cost 
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would  be  ^  of  a  cent  per  1  OUO  gallons — tVoin  which  you  can  see 
what  the  cost  of  punii)ing  i)er  1  000  gallons  would  bo.  with  any 
given  price  per  gallon  for  oil.  For  instance,  with  oil  at  4  cents 
per  gallon,  the  cost  would  be  A  a  cent  ])or  1  000  gallons  of  water; 
at  6  cents  per  gallon,  the  cost  would  be  f  of  a  cent  per  1  000 
gallons;  at  S  cents  per  gallon,  the  cost  would  be  1  cent  per  1  000 
gallons,  etc. 

The  above  results  put  into  foot  pounds  of  water  pumped  per 
gallon  of  oil,  give  12  031  200  foot  pounds  per  gallon  of  oil.  i 

I  should  like  to  say  that  in  making  these  tests  no  special  effort 
was  made  to  secure  favorable  results  or  establish  records  of  high 
efficiency,  but  rather  fo  secure  a  record  of  everyday  results.  The 
engine  was  taken  just  as  it  was.  and  no  effort  whatever  made  to 
put  it  in  better  condition  than  it  is  every  day.  1  might  possibly 
have  secured  a  higher  efficiency  had  I  prepared  the  engine  for  it, 
but  it  seemed  to  me  that  results  secured  under  everyday  condi- 
tions are  of  more  practical  use  to  us  than  those  secured  with 
conditions  ideal,  —  a  state  of  affairs  that  doesn't  very  often  exist 
at  most  pum]Hng  stations. 

The  labor  cost  is  very  small  indeed,  —  two  hours  per  day  would 
be  a  fair  average;  but  for  extras,  add,  say,  50  per  cent.  This 
wouldbe  three  hours  ]ier  day  for  attendance;  and  I  can  assure  you 
that  this  three  hours  is  a  generous  allowance.  Furthermore,  three 
hours  will  cover  a  twenty-four-hour  run  as  well  as  a  five-  or  ten- 
hour  run.  In  fact,  the  nearer  you  can  run  the  engine  continu- 
ously, the  less  per  hour  it  costs  for  attendance,  for  it  takes  a  man 
about  so  long  each  time,  and  once  the  engine  is  started,  it  can 
run  fifteen  hours  just  as  well  as  five  hours. 

That  brings  me  to  another  thing  T  want  to  say  right  here,  in 
regard  to  lessening  the  labor  cost:  There  is  a  tank  under  each 
engine  that  holds  a]:)Out  twenty  gallons  of  oil.  You  can  measure 
a  certain  amount  of  oil  and  put  in  this  tank  —  say,  IH  gallons. 
Start  the  engine,  and  leave  it,  allowing  the  engine  to  run  down 
when  the  oil  is  used  up.  This  \lh  gallons  will  run  my  engine 
obout  ten  hours.  We  see,  then,  there  is  no  occasion  for  any  one 
going  near  the  pumping  station  from  the  time  the  engine  is  started 
one  day  until  it  is  time  for  the  engine  to  be  started  the  following 
day,  or  whenever  it  is  necessary  to  start  up. 
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I  have  done  this  time  and  again,  especially  in  the  winter,  when  I 
have  very  little  help,  and  so  make  a  considerable  saving  in  my 
labor  bill. 

There  are  other  small  items  of  expense  to  be  added  to  the 
regular  operating  expenses,  —  grease,  lubricating  oil,  etc.  But 
these  are  small  items,  for  the  only  new  lubricating  oil  I  use  is 
on  the  piston  of  the  engine.  All  the  oil  bearings  are  lubricated  by 
old  oil  that  has  been  cleaned  in  the  filter,  and  if  I  find  my  second- 
hand oil  accumulating  too  fast,  I  use  a  little  of  this  on  the  piston. 

Now,  gentlemen,  I  don't  know  as  there  is  very  much  more  to  be 
said  about  my  pumping  station,  and  how  it  is  run.  I  have  got 
used  to  this  method  of  pumping,  and  am  satisfied  with  it;  as  to 
its  comparison  with  steam,  I  think  it  far  ahead  at  small  works. 

There  are  risks  attached  to  it,  and  more  than  that,  there  is  the 
anxiety  to  the  one  who  is  responsible  for  the  town's  water  supply; 
for  no  matter  where  one  is,  if  that  engine  has  been  left  running, 
one  sort  of  feels  it,  and  can  imagine  all  sorts  of  things  happening 
that  are  the  source  of  continual  anxiety.  And  this  phase  of  the 
matter  that  cannot  be  measured  in  dollars  and  cents  is  part  of 
the  jDrice  you  pay  for  running  a  i^lant  of  this  kind. 

Naturally,  you  get  used  to  its  running,  and  it  does  not  weigh 
so  heavily  on  you  as  time  goes  on,  and  you  become  accustomed  to 
it.  But  when  I  first  ran  this  plant  the  thing  hung  over  me  like 
some  impending  disaster;  and  I  would  find  myself,  when  getting 
anywhere  near  the  pumping  station,  listening  to  hear  the  exhaust 
of  the  engine,  and  unconsciously  urging  my  horse  to  a  faster  trot  to 
get  there  before  something  happened. 

If,  however,  you  are  willing  to  put  yourself  into  it  and  give  it 
your  watchful  care,  you  will  find  it  does  your  work  for  you  in  a  way 
that  will  almost  win  your  love,  —  certainly,  your  admiration. 

As  to  my  estimate  of  running  this  kind  of  a  plant,  and  what  it 
will  do,  I  have  tried  to  give  you  a  fair  idea  of  what  it  costs  and 
what  it  will  do,  under  present  conditions.  There  are,  of  course, 
repair  expenses  that  no  one  can  estimate  beforehand. 

We  had  an  engine  once  that  put  us  to  no  end  of  bother  and 
expense,  and  I  have  not  included  in  what  I  have  said  an}'  account 
of  the  expense  either  of  repairs  or  labor  on  that  engine,  because 
it  seemed  to  me  that  there  must  have  been  something  radicallv 
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wrong  with  it  from  the  first,  and  it  could  not  witli  fairness  be  com- 
pared with  the  ordinary  machine  of  this  l<:ind;  and  so  my  estimate 
of  running  cost  has  been  confined  to  the  two  engines  now^  in  use 
at  our  pumping  station. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.*  I  should  Uke  to  ask  Mr.  Agnew 
whether  he  has  figured  out  what  it  costs  him  per  hour  per  horse- 
power to  do  this  pumping? 

Mr.  Agnew.  You  can  very  easily  figure  that  from  tlie  foot 
pounds.      I  gave  about  twelve  million  foot  pounds. 

The  President.  Mr.  Tower,  of  C'ohasset,  who  is  a  neighbor 
of  ^Ir.  Agnew,  ought  to  be  able,  as  Mr.  Agnew  says,  "  to  tell  us 
some  tales  out  of  school." 

Mr.  D.  N.  Tower. t  Mr.  President,  1  do  not  think  I  can  add 
anything  to  the  very  excellent  paper  we  have  just  listened  to. 
Mr.  Agnew  seems  to  have  covered  the  whole  ground. 

Mr.  William  H.  Thomas. t  I  think,  Mr.  President,  that  Mr. 
Tower  can  give  us  a  little  more  information  in  regard  to  attend- 
ance. I  do  not  think  he  requires  as  much  attendance  for  his 
machine  as  ^Ir.  Agnew  reports  he  does  on  his,  and  I  wish  he  would 
tell  us  how  he  operates. 

!\1r.  Tower.  I  have  two  engines,  and  they  differ  from  l\Ir. 
Agnew's  in  this  respect,  that  they  are  located  c^uite  a  distance 
apart,  more  than  a  mile,  and  I  run  one  during  the  night  and  one 
during  the  daytime.  ^ly  man  who  looks  after  them  lives  about 
midway  between  the  two  engines.  He  starts  off  in  the  morning. 
I  don't  know  at  what  time,  probably  about  half  past  six,  and  he 
passes  the  reservoir  on  the  way,  takes  note  of  the  condition  of 
affairs  there,  and  then  walks  along  and  stops  the  engine  which 
has  been  running  all  night.  He  gets  down  to  the  other  engine  at 
about  seven  o'clock  and  starts  that  up,  and  then  goes  about  his 
day's  work.  About  five  o'clock  in  the  afternoon  he  goes  to  the 
engine  which  has  remained  idle  during  the  day  and  starts  that  up 
and  then  proceeds  to  the  one  which  has  been  running  during  the 
day  and  stops  it.     That  is  the  way  he  has  been  doing  all  summer. 

*  Civil  Engineer,  Boston,  Mass. 
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The  cost  of  attendance  is  probably  about  the  same  as  in  ^Jr. 
Agnew's  case,  only  it  covers  the  two  engines.  Each  engine  pumps 
about  nine  thousand  gallons  an  hour.  I  don't  know  anything 
more  that   I  can  say. 

Mr.  A(;xew.  I  would  like  to  say  that  1  did  give  you  a  good 
generous  allowance  for  attendance,  and  did  it  purposely.  The 
tendency  in  a  paper  of  this  kind  is  to  minimize  the  "  outs  ";  and 
when  we  make  a  report  about  our  engine's  doings,  we  somehow 
like  to  give  it  a  good  name  and  make  a  good  showing.  But  really, 
if  anything,  I  have  gone  the  other  way  in  this  case  and  have 
allowed  more  time  than  it  actually  takes.  I,  myself,  have  been 
to  the  pumping  station,  started  the  engine  and  left  the  place 
inside  of  twenty-five  minutes.  It  wouldn't  pay,  probably, 
to  try  to  do  this  all  the  time,  and  further,  I  would  not  want  a 
man  of  mine  to  do  it  at  all,  for  I  would  be  afraid  that  in  his  hurry 
he  would  overlook  something  and  then  it  would  take  more  time 
and  cause  more  trouble  to  fix  up  the  damage  than  it  would  have 
taken  at  the  start.  However,  an  hour  is  ample  time  to  start,  and 
in  the  evening  if  the  engine  is  running  smoothly  and  you  want 
it  to  run  all  night  it  will  take  about  fifteen  minutes  to  oil  up. 

Week  before  last  I  started  up  one  of  my  engines  Saturday  at 
3  P.M.,  that  w^as  September  1,  and  it  ran  continuously  till  midnight, 
Sunday,  September  9,  a  run  of  two  hundred  and  one  hours.  Now 
the  only  time  spent  on  the  engine  during  this  run  was  to  oil  up  twice 
a  day  and  this  took  about  fifteen  minutes  each  time,  or  a  half  hour 
per  day  for  attendance.  We  finally  allowed  the  engine  to  run 
down  itself  by  putting  oil  enough  in  the  small  tank  to  run  it  to 
about  midnight.  So  you  see  that  when  I  allowed  that  three  hours 
per  day  for  attendance  I  made  it  pretty  large,  and  I  did  it  because 
I  had  rather  be  on  the  safe  side  than  to  lead  some  man  into  the 
belief  that  the  engine  could  run  with  practically  no  attendance  at 
all,  for  it  really  does  take  some  time  to  look  after  it. 

]\Ir.  Freeman  C.  Coffin.*  I  believe  I  have  about  recovered 
from  my  fright  now  and  can  say  a  few  words  on  this  subject.  I 
was,  perhaps,  responsible  for  the  installation  of  the  first  engine 
of  this  class  which  was  used  for  pumping  water  foi'  a  public  water 
supply  in  this  section  of  the  country,  the  one  'Sir.  Tower  has  at 

*  Civil  EriEineer,  Boston,  ifass. 
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Cohasset,  and  I  have  advocated  the  use  of  this  type  of  power  for 
pumping  engines  in  small  sup}:)hes  for  some  eight  or  ten  years,  and 
have  put  in  perhaps  twenty  such  phmts.  I  was  a  Httle  afraid, 
or,  to  tell  the  truth,  1  was  a  good  deal  afraid,  when  Mr.  Agnew 
began  his  paper,  that  he  was  going  to  demolish  all  my  theories 
and  show  how  poor  a  i)lant  this  was  for  pumping  water.  I  feel 
much  gratified  at  what  he  has  said,  in  spite  of  his  troubles,  which 
I  believe  are  incident  to  all  plants,  and  perhaps  show  up  a  little 
more  in  an  explosion  engine  plant  than  in  any  other,  on  account 
of  the  lack  of  attendance  which  is  given  it. 

Of  course  I  do  not  know  so  much  al)Out  them  as  the  men  who 
are  running  them  and  looking  after  them  all  the  time.  I  have 
tried  to  ascertain  all  I  could  al)out  them,  and  while  I  am  not 
entirely  familiar  with  details,  I  believe  that  in  most  cases  the 
engines  have  run  right  along  without  very  much  attendance.  Of 
course,  in  a  good  many  of  the  plants  I  have  put  in,  consideraljle 
attendance  has  been  given  them,  but  it  has  not  been  like  the 
attendance  which  has  to  be  given  a  steam  engine,  by  any  means; 
and  the  expense  of  these  plants,  as  compared  with  the  expen.se 
of  a  steam  engine,  is  very  small,  when  you  are  pumping  less  than 
two  hundred  thousand  gallons  of  water  a  day,  or  even  more,  at 
the  price  of  fuel  oil  as  ^Ir.  Agnew  states  it.  I  have  always  been 
accustomed,  until  within  a  few  years,  to  compute  the  cost  of  oil 
or  gasolene  at  twelve  or  thirteen  cents  a  gallon,  perhaps  more, 
which,  of  course,  makes  the  fuel  cost  of  one  of  these  plants  high, 
and  quite  excessive,  perhaps,  if  it  were  not  off.set  by  the  saving  in 
attendance. 

A  kerosene-oil  engine,  I  think,  presents  a  little  more  difficulty 
than  a  gasolene  engine.  A  gas  plant,  on  the  other  hand,  rather 
less.  I  put  in  two  gas  engines  in  Charlottetown,  Prince  Edward 
Island,  where  gas  could  be  obtained  at  a  reasonable  price  and 
gasolene  was  very  high,  and  there  has  been  no  trouble  whatever 
with  those  engines.  They  are  used  for  pumping  sewage.  At 
Winchester,  Mass.,  I  have  put  in  one  gasolene  plant  and  one 
kerosene  plant,  and  they  have  never  given  any  serious  trouble. 
One  of  them  was  designed  to  stop  itself,  in  the  way  Mr.  Agnew 
has  explained.  There  is  a  mea.suring  tank  with  a  glass  tube  to 
gage  the  ciuantity  of  oil.     That  is  in  addition  to  the  outside  tank 
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which  holds  the  luaiii  l^ody  of  oil.  I'l-oni  the  outsitle  tank  to  this 
one  the  oil  is  j)uiiiped  by  a  small  hand  ])unip,  and  l)y  examining 
his  gage  the  engineer  can  tell  at  any  time  how  much  oil  he  has, 
the  idea  l^eing  to  pump  enough  oil  in  for  the  run  and  let  the  engine 
sto]:)  itself.  In  that  engine  the  cooling  water  for  the  cylinders  is 
pi-ovidcd  ])}'  a  circulating  tank,  so  that  there  is  no  waste  of  water 
when  the  engine  is  stopped.  I  don't  know  how  the  cylinders  of 
yir.  Agnew's  engine  are  cooled,  whether  by  running  water  or  a 
cii'cul-ating  tank. 

.Mr.  Agxew.  We  have  a  little  auxiliary  pumj)  bolted  to  the 
side  of  the  engine  bed  and  operated  l)y  an  eccentric  on  one  of  the 
shafts  of  the  engine  to  pump  the  water  for  cooling  purposes.  As 
I  said  at  the  outset  we  get  our  water  from  ch-iven  wells  and  pump 
against  a  considerable  vacuum,  twenty-five  inches.  This  is  Cjuite 
a  pull  on  the  pump  and  in  order  to  save  this  good  water  and  also 
to  save  such  a  lift  we  use  water  for  cooling  the  engine  from  a  ])rook 
that  flows  back  of  the  pumping  station.  This  water  is  not  suitable 
for  domestic  purposes,  and  there  is  practically  no  lift ,  for  the  brook 
is  not  much  lower  than  the  pumj:). 

Mr.  Coffin.  I  was  very  nuich  interested  in  what  Mr.  Agnew 
said  about  the  efficiency  of  the  pump  being  a  little  over  12  ()()()  ()()() 
foot  pounds  to  a  gallon  of  oil.  That  runs  up  very  well  indeed, 
especially  when  it  is  considered  that  that  is  the  ordinary  run  of  the 
pump  and  not  a  special  test.  On  a  test  of  one  pump  that  I  put  in  at 
^Madison,  Me.,  we  got  14  000  000,  and  that  I  considered  very  high, 
but  the  conditions  were  cjuite  good,  and  the  conditions  make  a 
great  deal  of  difference  in  the  eflSciency  of  a  plant  of  this  kind, 
that  is,  the  head  and  the  amount  of  water  pumped.  The  condi- 
tions at  Scituate  are  apparently  very  good. 

I  think  this  subject  of  the  internal  explosion  engine  is  a  very 
important  one  at  this  time,  because  it  seems  to  me  that  everything 
points  in  the  direction  of  the  use  of  these  engines  for  large  plants 
for  pumping.  The  gas  producer  i)lant,  if  it  proves  to  be  able  to 
do  what  it  promises  to  do,  is  in  my  opinion  going  to  almost  revolu- 
tionize th(>  method  of  pumi)ing  water.  .Mr.  Thomas  has  such  a 
])lant  which  has  not  been  lunning  very  long,  but  I  understand  it 
has  been  very  successful  so  far,  and  T  hope  he  will  tell  us  something 
al)out  it.     If  power  can  l)e  ])i-odu((Ml  at  the  rate  of  one  horse-power 
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per  Ij  or  H  pounds  of  coal  per  hour,  as  I  understand  the  com- 
panies who  furnish  gas-producer  plants  are  ready  to  guarantee, 
of  course  it  is  very  easy  for  us  to  see  that  there  is  an  immense  gain 
over  the  steam  plant,  for  our  best  steam  plants,  our  very  high- 
priced  high-duty  plants  in  large  mills,  will  not  do  that.  I  do  not 
know  of  any  of  them  that  can  be  depended  on  to  get  down  to  a 
pound  and  a  quarter.  I  hope  ^Ir.  Thomas  will  tell  us  something 
about  the  plant  which  he  actually  has  in  use. 

Mr.  Thomas.  I  do  not  think  I  can  say  much  about  it  at  pres- 
ent, as  it  is  new  to  us.  We  pump  our  water  twice,  once  by  a  gas- 
producer  plant  and  once  by  a  steam  plant.  In  our  gas-producer 
plant  we  l)urn  about  1  000  pounds  of  coal  a  day,  and  pumping 
the  same  quantity  of  water  with  the  steam  plant  we  use  a  little 
over  4  000  pounds,  so  you  see  there  is  a  little  saving  in  fuel.  But 
the  conditions  at  the  two  stations  are  not  identical.  For  instance, 
at  our  gas-producer  plant,  we  are  pumping  against  only  16  pounds, 
and  with  our  steam  plant  we  are  pumping  against  about  80  pounds 
pressure,  so  the  conditions  are  not  fair  for  comparison.  I  think, 
perhaps,  at  one  of  our  later  meetings  1  may  be  al)le  to  give  a 
little  information  in  regard  to  this  plant. 

]\Ir.  E.  H.  Foster '^=  {hi/  letter).  One  of  the  most  interesting 
cases  of  "  pumping  without  attendance"  is  to  be  found  at  the 
water  works  in  Peoria,  III,  where  there  has  been  in  use  since 
1895  a  system  of  pumping  water  through  auxiliary  wells, 
which  was  designed  and  constructed,  and  later  made  the  sub- 
ject of  letters  patent,  by  Mr.  Dabney  H.  Maury. 

This  system  comes  aliout  as  close  to  being  "  pumping  without 
attendance  "  as  possible,  and  was  a  case  of  invention  born  of 
necessity. 

The  water  supply  at  Peoria  is  taken  from  a  large  open  well, 
53  feet  deep  and  34  feet  in  diameter,  sunk  in  water-bearing  gravel 
near  the  pumping  station.  This  well  gave  enough  water  for  the 
immediate  needs  of  the  city,  but  as  the  consumption  increased  an 
additional  supply  was  soon  found  to  be  necessary.  Careful 
surveys  were  made  and  test  wells  sunk  with  the  result  that  it 
was  decided  to  build  a  number  of  new  wells  about  800  feet  apart 
and  pump  over  ground  to  the  main  well. 

*  Mechanical  Engineer,  New  York,  N.  Y. 
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These  wells  were  about  11  feet  in  diameter  and  were  large 
enough  to  contain  a  set  consisting  of  a  pair  of  compound  centrifu- 
gal pumps  driven  l)y  direct  connection  to  Pelton  water  wheels, 
the  shafts  being  vertical.  The  motors  derive  their  power  from  a 
water  main  connected  with  the  town  system  near  the  pumping 
station,  and  the  waste  water  from  the  motors  is  returned  together 
with  the  water  pumped  from  the  smaller  wells  through  a  gravity 
line  to  the  main  well.  Weirs  for  measuring  the  pumping  capacity 
were  fitted  at  the  various  wells. 

The  system  has  not  only  been  in  successful  operation  since  first 
installed,  but  has  been  extended  from  time  to  time  as  the  con- 
sumption increases. 

No  attendance  whatever  is  required  at  the  outlying  pumping 
stations,  as  the  motors  are  stopped  and  started  by  opening  and 
closing  the  valve  in  the  main  pumping  station. 

It  is  somewhat  surprising  that  this  system  has  not  Ijecome  of 
more  general  use.  It  might  at  first  seem  somewhat  complicated 
to  take  water  from  the  mains  to  operate  the  auxiliary  pumps, 
but  in  reality  this  will  be  found  to  be  most  efficient,  providing 
the  main  pumping  capacity  is  large  enough  to  furnish  the  extra 
water. 

The  combined  efficiency  of  the  pump  and  motor  is  approxi- 
mately 50  per  cent.;  thus  if  the  water  has  been  pumped  into  the 
main  supply  at  a  duty  of  say  120  000  000  foot  pounds,  the  net  duty 
of  the  auxiliary  plant  will  l)e  about  60  000  000  foot  pounds, 'which 
is  high  for  a  small  unit,  particularly  when  it  is  considered  that  no 
attendance  is  required. 

The  system  has  been  found  to  work  very  well,  and  when  brought 
into  more  prominence  will  undoubtedly  be  used  where  additional 
supply,  filtration  or  any  special  service  requires  a  low-pi'essure 
pumping  plant. 

Mr.  a.  a.  Reimer.^'^  Mr.  Foster's  communication  suggests  a 
point  I  was  going  to  raise,  that  of  pumping  by  a  centrifugal  pump 
with  electric  motor  drive.  In  East  Orange,  N.  J.,  we  have  in- 
stalled within  the  past  three  years  a  new  plant  for  furnishing  about 
27  000  or  28  000  people  with  water  from  artesian  wells,  having  in 
use  as  the  main  pumps  two  four-million-gallon  cross-compound 

*  Superintendent  of  Water  Works,  East  Orange,  N.  J. 
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high-duty  Snow  steam  pumps.  There  are  two  groups  of  wells 
with  twenty  flowing  wells'in  each  group.  One  grouj:),  lying  about 
a  mile  from  the  main  pumping  station,  is  lower  than  the  main 
station,  and  the  artesian  head  is  not  suthcient  to  lift  the  water 
over  the  low  summit  which  lies  between  the  pumping  station  and 
the  second  group  of  wells.  In  order  to  pump  this  second  group  of 
wells  w^e  are  installing  at  the  present  time,  at  a  substation  near 
these  wells,  a  centrifugal  pump  and  electric  motor  guaranteed  for 
five  million  gallons  capacity. 

The  question  has  arisen  in  my  mind  as  to  the  safety  of  operating 
that  substation  without  attendance.  You  realize  that  if  any- 
thing should  happen  to  that  large  electrical  unit,  there  is  going 
to  be  trouble.  We  are  protecting  the  motor  with  all  the  best  safety 
devices,  but  in  case  of  accident,  with  a  mile  intervening  between 
the  main  station  and  substation,  we  might  be  in  serious  trouble; 
so  I  was  hoping  I  might  hear  some  experiences  to-day  on  the  part 
of  others  who  may  have  similar  plants.  There  is  only  one  that 
has  come  within  my  own  observation,  and  that  is  at  Newton,  Mass., 
which  I  had  the  pleasure  of  visiting  some  time  ago.  There  the 
substation  is  about  1  500  feet  from  the  main  station,  and  it  is  run 
with  only  occasional  attendance,  the  pump  being  started  by  means 
of  switches  in  the  main  station.  That  is  what  we  are  intending 
to  do,  and  I  wanted  to  gain  a  little  further  light  from  the  experi- 
ence of  others  at  this  meeting,  if  possible.  We  are  getting  ready 
now  to  start,  and  we  are  going  to  watch  with  a  great  deal  of 
anxiety,  I  suspect,  for  a  while  to  find  out  if  things  are  going  to  run 
smoothly.  I  am  not  hunting  trouble,  but  I  want  to  keep  away 
from  it  if  I  can. 

Mr.  Fuller.  I  might  say  that  at  Uxbridge,  ]\Iass.,  they  have 
installed  a  triplex  pump  with  a  capacity  of  about  three  hundred 
gallons  per  minute,  which  will  be  run  by  a  General  Electric  motor, 
operated  by  current  furnished  from  the  local  electric  light 
station.  The  plant  has  not  been  in  operation  as  yet,  but  we  are 
hoping  that  it  will  be  possible  to  run  it  without  having  to  spend 
a  great  deal  on  the  item  of  attendance.  So  far  as  it  has  been 
tried  it  has  run  very  well  indeed,  and  there  has  been  apparently 
no  need  of  any  attention  except  keeping  the  oil  cups  filled  and  a 
man  going  once  a  day  to  see  if  ever}'thing  is  all  right.     The  pump 
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can  be  started  and  stopped  from  the  power  station,  and  the  item 
of  attendance  apparently  will  be  quite  small. 

Mr.  Coffin.  I  wish  I  could  give  a  little  more  definite  informa- 
tion on  this  subject  than  1  am  able  to  at  this  time.  1  put  in  a 
plant  at  ^ladison,  in  connection  with  the  engine  I  spoke  of  a  little 
while  ago,  where  we  wished  to  take  water  from  a  point  up  stream 
from  the  old  pumping  station,  where  the  water  was  pumped  by 
power,  and  to  use  the  power  at  that  station.  A  generator  was 
put  in  and  the  power  transmitted  to  the  new  pumping  station, 
perhaps  three  quarters  of  a  mile  up  the  river,  above  where  the 
sewage  of  the  town  came  in.  There  is  a  triplex  pump  of  about 
half  a  million  gallons  capacity,  as  I  remember,  and  I  have  heard 
no  complaint  at  all  about  it,  so  I  suppose  it  has  been  running 
satisfactorily  and  continuously.  It  was  supposed  to  be  started 
in  the  morning  and  left  to  run  through  the  day,  or  perhaps  longer 
than  that  if  the  consumption  of  water  required  it.  It  is  only  an 
assumption  that  it  has  been  successful,  from  the  fact  that  it  has 
been  doing  the  work  and  there  has  been  no  complaint  and  no 
criticism. 

Mr.  Fuller.  I  think,  Mr.  President,  that  this  comparatively 
new  form  of  triplex  pump  is  going  to  be  largely  used  in  small 
plants,  because,  as  has  been  stated  here,  the  item  of  attendance  is 
small,  the  cost  of  the  building  is  small,  no  expensive  chimney  is 
rec[uired  and  the  building  can  be  quite  small,  and  where  the 
electric  current  can  be  had  at  a  low  rate,  or,  as  in  the  cases  which 
have  been  presented  to  us,  where  the  cost  of  fuel  oil  or  gas  is  small, 
it  certainly  is  going  to  simplify  the  pumping  question.  A  good 
many  towns  are  hardly  alile  to  put  up  an  expensive  pumping  plant 
and  employ  a  licensed  engineer,  and  there  are  other  items  which 
come  in  to  swell  the  cost  of  that  kind  of  plant.  These  pumps  are 
simple,  easily  kept  in  repair;  an  ordinary  man  ])y  spending  part 
of  his  time  will  keep  everything  in  order,  and  it  seems  to  me  it 
will  be  a  great  help  to  the  average  small  town  if  such  pumps  can 
be  used. 

President  Sedgwick.  In  regard  to  the  criticisms  which  the 
]uil)lic  may  make  in  any  case  of  failure  of  the  water  suijply,  it 
seems  to  me  that  where  there  are  plants  of  this  kind  the  superin- 
tendent or  the  water  board,  or  whoever  the  authoritv  may  be 
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ought  at  the  outset  to  take  the  puljhc  into  his  or  their  confidence 
and  say,  ''  Now  we  are  trying  to  get  along  cheaply.  Once  in  a 
while  there  may  be  trouble,  and  you  have  got  to  bear  your  part 
of  any  such  hardship  as  well  as  the  rest  of  us."  And  an  intelligent 
community,  if  educated  and  taken  into  confidence  in  that  way, 
will,  I  am  sure,  always  respond.  That  will  relieve  the  engineer 
or  superintendent  of  some  of  that  care  Avhich  Mr.  Agnew  has 
touched  upon,  and  which  is  no  slight  matter.  It  seems  to  me 
that  any  man  who  leaves  a  pump  going  while  he  is  away  must 
always  have  it,  consciously  or  unconsciously,  on  his  mind,  and 
that  is  a  pretty  serious  thing  physiologically.  In  the  case  of  a 
nervous  man  it  might  even  mean  a  breakdown.  Therefore  in  a 
case  of  this  kind  it  seems  to  me  that  we  ought  to  do  what  we  do 
so  much  in  America  and  what  they  are  now  doing  ever\"\vhere  all 
over  the  world,  namely,  take  the  public  into  our  confidence  and 
expect  them  to  cooperate  with  us,  rather  than  to  "  keep  dark  " 
and  tell  them,  "  Oh.  it  will  be  all  right;  don't  you  worry,"  and  so 
on;  because  otherwise  when  the  time  of  worry  conies  the  man  in 
charge  has  to  bear  it  all. 

In  this  connection  I  was  reminded  of  the  old  rhyme,  which  some 
of  you  will  prol)ably  remember,  about  care  and  its  effect  on  us: 

"  Care  to  our  coffin  adds  a  nail,  no  doubt, 
And  every  laugh  so  merry  draws  one  out." 

When  ^Ir.  Coffin  began  speaking  I  was  reminded  of  these  lines, 
for  he  suggested  that  he  was  frightened  ''  nearly  to  death,"  and 
they  came  to  me  in  this  way: 

Care  to  our  Coffin  adds  a  nail,  no  doubt, 

While  every  '  piuup-without-attendance  '  draws  one  out. 
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EXPERIENCE  WITH  NEW  ENGLAND  WATER  WORKS 
ASSOCIATION  STANDARD  SPECIFICATIONS  FOR 
CAST-IRON  PIPE  AND  SPECIAL  CASTINGS. 

TOPICAL    DISCUSSION. 
[September  12.  1006.] 

Mr.  Charles  W.  Sherman.  I  don't  know  that  I  have  much 
to  say  in  the  way  of  personal  experience  with  the  sjoecifications, 
but  it  may  be  interesting  to  the  members  to  know  how  exten- 
sively the  sale  of  these  specifications  has  gone  forward.  They  were 
adopted  at  the  annual  convention  four  years  ago.  Immediately 
thereafter  the  association  commenced  to  print  them  in  pamphlet 
form  for  use  by  members  and  others  interested.  We  have  had 
printed  at  different  times  4  000  copies,  all  of  which  have  been  sold 
at  retail  by  the  Secretary,  with  the  exception,  perhaps,  of  500 
copies  still  in  stock.  In  addition  to  that  we  have  supplied  two 
parties  with  1  000  copies  each,  one  thousand  to  the  National  Fire 
Protection  Association,  which  wished  to  furnish  a  copy  to  each 
of  its  members,  and  the  second  thousand  to  the  new  American 
Cast  Iron  Pipe  Company,  of  Birmingham,  Ala.,  which  has  adopted 
our  specifications  as  the  standard  on  Avhich  to  cast  all  its  pipe, 
and  has  had  them  printed  with  its  special  cover  to  circulate  as  its 
catalogue.  ■My  understanding  is  that  any  one  who  sends  to 
that  company  for  a  catalogue  will  receive  a  copy  of  these  specifica- 
tions, simply  bound  in  a  special  cover  bearing  the  name  of  the 
company.  In  addition  to  that  I  have  been  informed  by  corre- 
spondence that  the  Lynchburg  Pipe  and  Foundry  Com])any,  of 
Lynchburg,  A'a.,  which,  I  believe,  is  a  comparatively  small  foun- 
dry, confining  itself  to  ])ipes  12  inches  in  diameter  and  smaller,  is 
working  on  the  basis  of  our  specifications.  On  the  whole,  it  i§ 
a  very  encouraging  experience,  it  seems  to  me,  for  so  short  a  time. 

When  it  comes  to  the  matter  of  buying  pipe  under  the  specifi- 
cations from  the  old  established  foundries,  the  matter  is  not  quite 
so  simple.  I  was  speaking  on  the  subject  Avith  !Mr.  Brackett  a 
few  days  ago,  and  he  said  it  seemed  to  him  conditions  this  year 
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were  such  that  they  coniparcd  very  nearly  with  coiKhtioiis  (hiring 
the  coal  strike  a  couple  of  years  ago.  At  that  time  we  had  to  buy 
almost  anything  which  was  black  under  the  name  of  coal,  and 
now  we  have  to  buy  almost  anything  which  is  iron  as  pii)e,  no 
matter  whether  it  is  made  under  our  specifications  or  no  specifica- 
tions. I  found  very  much  the  same  thing,  not  only  this  year  but 
last  year,  in  getting  small  quantities  of  pipe  for  one  of  our  western 
water  companies.  Whether  they  were  bought  from  the  United 
States  Cast  Iron  Company  or  one  or  two  other  foundries  which 
pretty  nearly  dominate  the  western  field,  we  ha'l  to  take  their 
special  patterns.  They  would,  however,  give  us  the  slight  com- 
fort of  agreeing  to  com2:»h'  with  our  specifications  so  far  as  inspec- 
tion is  concerned,  but  that  was  about  all. 

Mr.  a.  a.  Reimer.  Speaking  of  trouble  with  the  foundries,  I 
can  tell  a  little  experience  that  we  have  had  in  East  Orange. 
After  the  annual  meeting  of  this  ;;ssociation  last  year,  1  decided 
to  adopt  for  East  Orange,  N.  J.,  the  New  England  Water  Works 
specifications,  and  since  then  all  our  orders  have  been  placed 
on  that  basis.  The  foundries  have  given  us  no  trouble,  with  the 
exception  of  the  United  States  Cast-iron  Pipe  and  Foundry  Com- 
pany. This  company  would  always  send  in  a  bid  for  pipe,  but 
would  inclose  specifications  which  looked  about  as  much  like  the 
New  England  Water  Works  specifications  as  a  cow  does  like  a 
horse,  and  in  conseciuence  their  bids  have  uniformly  been  rejected; 
we  would  not  listen  to  them  at  all,  and  this  summer  I  decided  to 
stop  asking  them  to  Ind.  Why  they  have  taken  this  position  is 
not  for  me  to  state.  The  other  foundries  with  which  we  have 
been  doing  business  have  agreed  to  the  specifications  without  any 
question,  and  orders  have  been  delivered  with  reasonable  prompt- 
ness. 
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REPORT  OF  THE  COMMITTEE  ON  "  UNIFORMITY  IN 
THE  DIRECTION  OF  OPENING  HYDRANTS  AND 
VALVES  AND  IN  THE  SIZE  AND  SHAPE  OF  HYDRANT 
AND  VALVE  NUT." 

[Presented  September  13,  1906.] 

Your  committee,  which  was  appointed  at  the  New  York 
meeting  of  the  rssociation,  in  September,  1905,  begs  to  submit 
the  fo Rowing  report: 

The  hick  of  uniform  standards  in  matters  relating  to  water 
supi^ly  and  fire  protection  has  been  long  felt  by  water  and 
fire  departments,  by  manufacturers  of  appliances  connected  with 
these  departments,  and  by  water-works  engineers,  and  has  caused 
serious  losses  to  owners  and  underwriters. 

A  notable  advance  has  been  made  in  this  direction  by  the 
adoption  by  this  association  of  the  recommendation  of  a  com- 
mittee, which  reported  at  the  New  York  meeting  in  September, 
1905,  on  "  Uniformity  of  Hose  and  Hydrant  Threads." 

The  matters  referred  to  your  present  committee,  while  not 
of  equal  importance,  are  closely  related  and  worthy  of  careful 
consideration.  The  greatest  efficiency  in  the  use  of  appara- 
tus of  any  kind  is  dependent  upon  its  simplicity,  and  uniformity 
tends  to  simplicity. 

PRESENT    CONDITIONS    AS    TO    UNIFORMITY    IN    WATER    WORKS 
AND    FIRE    DEPARTMENT    APPLIANCES. 

The  present  lack  of  uniformity  is  more  largely  accidental  than 
intentional.  In  the  early  days  of  water-works  construction, 
each  city  and  town  was  practically  a  law  unto  itself  in  such  matters, 
paying  but  little  regard  to  the  methods  employed  in  other  nmnici- 
palities.  The  manufacturers  supplied  the  needed  appliances 
in  a  form  to  suit  their  customers,  and  while  better  designs  and 
possibly  better  materials  are  now  employed,  the  important  ele- 
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ment  o(  uniformity  has  not  yet  been  entirely  secureil.  It  is  not 
surprising  that  there  should  have  been  this  lack  of  uniformity  in 
many  particulars,  when  the  great  number  of  manufacturers  and 
the  still  greater  numlier  of  users,  with  their  difYerent  ideas  of  what 
is  best,  are  taken  into  account. 

This  report  has  to  do  with  three  matters  of  great  importance, 
where  uniformity  does  not  and  never  has  existed.  They  stand 
next  in  importance  to  a  Stantlard  Uniform  Hose  Thread. 

There  is  no  accepted  standard  for  either  the  operating  nut  on 
valves  connected  with  street  mains  or  for  the  nut  on  fire  hydrants, 
and  different  patterns  of  each  are  in  use.  This  is  especially  to  be 
regretted  in  the  latter  instance.  V)ecause  the  hydrant  wrenches 
of  one  fire  department  will  not  necessarily  fit  the  hydrants  of 
another.  Therefore  assistance  is  often  delayed  when  promptness 
is  of  the  utmost  importance. 

Uniformity  in  each  of  these  two  cases  ought  not  to  be  difficult 
of  attainment,  and  it  is  surprising  that  it  does  not  already 
exist.  No  time  should  be  lost  in  recommending  a  standard  for 
each. 

No  uniformity  exists  as  to  the  direction  in  which  either  a  hydrant 
or  a  street  valve  turns  to  open;  in  some  cases  they  turn  to  the 
left,  and  in  others  to  the  right,  to  open.  j 


There  appears  to  be  much  greater,  if  not  practically  entire, 
uniformity  in  the  direction  of  opening  of  nearly  all  steam  valves, 
the  larger  number  of  small  water-works  fittings,  such  as  faucets 
01  bibbs,  and  in  almost  all  water  valves  found  in  pumping  stations, 
or  connected  with  pumping  engines,  which  generally  open  to  the 
left.  These  far  outnumber  the  valves  and  hydrants  found  in 
the  streets,  a  portion  of  which,  it  is  to  be  remembered,  now  open  to 
the  left. 

By  means  of  correspondence  with  manufacturers,  a  statement 
has  been  obtained  of  the  percentage  of  hydrants  and  street  valves 
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furnished  by  them  during  the  last  few  years  which  open  to  the 
left,  and  this  information  is  shown  in  the  following  table: 

Peu  Ckn't.  Opening  to  the  Left. 

Street 

Hydrants.  Valves. 

Ludlow  Valve  Manufacturing  Company  (sales 

for  past  five  vears,  5  000  to  6  000  hydrants 

yearly)  .    / 40  40 

Coffin  Valve  Company  (as  furnished  to  about 

200  cities  and  towns) 45  45 

Eddy  Valve  Company  (since  March  1,1901)  .    .      84  60 

Rensselaer  ^lanufacturing  Com])any 80  60 

Chapman  \'alve  Manufacturing!;  Co mpanv  ...      50  25 

R.  D.  Wood  &  Co ■:    .    .    .    ^    .    .    .     87^  40 

The  Fairbanks  Company  (within  the  last  three 

years) 11         about  80 

The  Ludlow  Valve  ^fanufacturing  Company  state  that  "  during 
the  last  twelve  or  eighteen  months  (letter  dated  April  4,  1906), 
the  number  of  hub  valves  and  hydrants  which  open  to  the 
left  has  greatly  increased." 

It  is  safe  to  assume  that  no  change  will  ever  be  made  in  tl.e 
direction  of  opening  steam  valves  and  the  small  fittings  just 
alluded  to.  which  open  to  the  left.  They  are  too  numerous  and 
their  use  so  well  established  that  it  would  be  practically  impossible 
to  make  any  change  in  the  direction  of  opening,  even  if  it  should 
seem  desirable. 

There  can  be  no  doubt  that  the  majority  of  the  hydrants  now 
in  use,  in  New  England  at  least,  open  to  the  right,  l^oston,  as 
the  pioneer,  inaugurated  the  practice  of  opening  all  hydrants  and 
street  valves  in  this  direction,  and  many  of  the  other  cities  and 
towns  have  adopted  the  same  method.  Of  late  (according  to  a 
statement  of  the  Ludlow  Valve  ■Manufacturing  Company),  there 
has  been  an  increase  in  the  number  of  hydrants  and  valves  opening 
to  the  left. 

It  thus  appears  that  a  majority  of  all  valves,  both  steam  and 
water,  and  all  small  water-works  fittings,  as  well  as  a  portion  of 
the  fire  hydrants  now  in  use,  open  to  the  left. 

There  is  probably  no  difference  in  the  facility  with  which 
hydrants  and  valves  can  be  opened,  whether  it  be  to  the  right  or  left. 
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R  EC  O  M  MEND  ATI  O  NS . 

After  careful  consideration  of  present  conditions  and  an  earnest 
effoit  to  judge  wisely  as  to  the  future,  your  conmiittee  sug- 
gests for  the  consideration  of  the  association  the  following 
recommendations : 

1.  In  new  systems  all  hydrants  and  valves  shall  turn  to  the 
left  to  open. 

2.  All  additions  and  repairs  to  existing  systems  of  hydrants 
and  valves  shall  be  such  that  there  shall  be  continued  uniformity 
in  the  direction  of  opening,  whether  it  be  to  the  left  or  to  the  right. 
If  no  uniformity  already  exists,  all  new  apparatus  shall  turn  to 
the  left  to  open. 

(a)  A  city  or  town  having  an  established  system  of  water  works 
should  continue  to  install  hydrants  and  valves  having  the 
same  operating  nuts  and  opening  in  the  same  direction  as 
those  already  in  use,  unless  it  has  been  decided  to  at  once 
change  all  old  hydrants  and  valves  to  the  new  standard. 
This  principle  is  imperative  and  no  departure  should  be 
made  from  it.  It  is  unfortunate  that  entire  uniformity  was 
not  earlier  advocated  and  adopted.  The  very  rapid  increase 
in  water-works  appurtenances,  great  numbers  being  turned 
out  daily,  increases  the  importance  of  uniformity. 

3.  All  fire  hydrants  shall  have  a  pentagonal  (five-sided)  operat- 
ing nut  finished  without  taper  to  one  and  one-half  (1^)  inches 
from  "  point  to  flat."  The  nut  socket  in  the  wrench  shall  be  made 
without  taper  so  as  to  be  reversible. 

(a)  This  size  and  shape  of  nut  is  in  quite  general  use  and  has 
been  recommended  by  the  National  Fire  Protection  Associ- 
ation. 

4.  An  arrow  at  least  six  (6)  inches  long,  showing  the  direction 
of  opening  and  the  words  to  open  in  distinct  letters  at  least  three- 
quarters  (f)  inch  high,  shall  be  cast  with  one-eighth  (i)  inch  relief, 
upon  the  top  of  all  fire  hydrants. 

5.  All  valves  connected  with  street  mains  shall  have  an  operating 
nut  one  and  fifteen-sixteenths  (Iff)  inches  square  at  the  top, 
two  (2)  inches  square  at  the  base,  and  one  and  three-fourths  (If) 
inches  high. 
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6.  The  operating  nut  on  all  valves  shall  be  made  with  a  flanged 
base  upon  which  shall  be  cast  an  arrow,  at 
least  two  (2)  inches  long,  showing  the  direc- 
tion of  opening  and  the  word  opcm  in  dis- 
tinct letters  at  least  one-half  (^)  inch  high, 
as  shown  in  the   sketch. 

The  standard  direction  for  opening  hy- 
drants and  street  valves  is  a  perplexing 
question  and  there  are  sure  to  be  differences  of  opinion.  The 
standards  recommended  are  for  new  systems  and  for  such  oth- 
ers as  choose  to  change.  It  will  be  many  years  before  entire 
uniformity  can  be  secured,  and  then  only  by  the  earnest  co(")pera- 
tion  of  those  who  believe  uniformity  to  be  worth  striving   for. 

Frank  L.  Fuller, 
Frank  C.   Kimball, 
Edward  V.  French, 
Committee. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.  Mr.  President  and  Gentlemen:  I  regret 
that  I  am  the  only  member  of  this  committee  present.  jNIr.  Kim- 
ball, as  you  know,  has  gone  to  the  state  of  Washington.  I  had  a 
letter  from  him  a  few  days  ago,  in  which  he  said  that  of  course  it 
would  be  impossible  for  him  to  be  present  at  this  convention;  that 
he  regretted  losing  so  many  of  our  meetings,  and  he  further  said 
that  he  shouldn't  live  in  Washington  all  his  life  unless  his  life  was 
very  short.  Mr.  French  had  been  away  on  a  vacation,  and  he 
regretted  very  much  that  he  could  not  be  present,  and  he  wished 
to  be  remembered  to  all  the  members,  and  desired  me  to  say  in 
connection  with  this  matter  of  uniformity  that  he  was  present  at 
the  fire  at  Fort  Fairfield,  ]\Ie.,  recently,  and  that  the  effect  of  the 
lack  of  uniformity  there  was  lamentable.  A  steamer  came  from 
an  adjoining  town  and  was  perfectly  useless,  could  do  nothing, 
because  it  coul'd  not  connect  witli  the  hydrants  in  tlie  town.  That 
trouble  was  sought  to  be  remedied  b}'  the  committee  which  re- 
ported last  year  in  New  York  in  presenting  a  recommendation  for 
uniform  thread  for  hose  and  hydrants,  which  was  adopted. 

Of  course  we  realize  the  difficulty  of  the  situation,  but  we  hope 
the  association  will    adopt   these  recommendations  and  that   all 
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the  members  will  use  their  influence  to  have  this  matter  of  uni- 
formity brought  about.  We  realize  that  probably  there  will  be 
difference  of  opinion,  and  that  all  the  members  will  not  agree 
with  this  report,  and  we  will  be  glad  to  hear  from  those  who  have 
different  ideas.  For  the  sake  of  bringing  the  matter  before  the 
meeting,  I  w\\\  move  the  adoption  of  this  report  and  the  discharge 
of  the  committee. 

Mr.  i\I.  F.  Collins.*  Before  the  motion  to  accept  the  report 
is  adopted,  I  should  like  to  ask  ^Ir.  Fuller  if  he  gave  the  size  of 
nuts  on  the  independent  valve  stems  any  consideration,  and 
whether  it  wouldn't  be  advisable  to  have  them  the  same  size  as  on 
the  main  valve  stem,  so  you  wouldn't  ha\-e  to  have,  as  we  do  at 
the  present  time,  a  small  part  attached  to  the  wrench  for  the 
small  independent  hose  connection. 

Mr.  Fuller.  I  am  very  glad  Mr.  Collins  has  brought  this 
matter  up.  As  I  understand  him,  he  refers  to  the  nuts  which 
operate  the  small  independent  gate  valves  on  a  3-way  or  a  4-way 
hydrant. 

Mr.  Collins.     Yes. 

Mr.  Fuller.  It  seems  to  me,  .Mr.  President,  that  it  would 
be  very  much  too  large.  Those  nuts,  as  I  remember  them,  are 
not  more  than  one-half  or  three-quarters  inch  square,  — half  an 
inch,  Mr.  Bancroft  says.  Now  I  think  the  committee  would  be 
very  glad  to  incorporate  a  reconnnendation  that  these  small 
auxiliary  valves  be  operated  by  a  half-inch  nut,  if  that  is  the 
usual  size.  Perhaps  the  committee  were  a  little  negligent  in 
not  looking  into  this  matter,  and  I  am  very  glad  ^h.  Collins  has 
brought  it  forward,  for  I  can  see  that  that  is  also  a  matter  in 
which  uniformity  should  exist.  By  inquiry  I  think  we  could  find 
what  the  common  size  is,  and  perhaps  it  would  be  wise  to  adopt 
that. 

Mr.  Collins.  I  think,  ^Ir.  President,  that  ^Ir.  Fuller  is  per- 
fectly right  about  the  usual  size  of  this  small  nut,  but  we  are  put- 
ting in  an  independent  high-service  system  at  Lawrence,  having 
a  pressure  of  from  125  up  to  as  high  as  134  pounds,  and  in  having 
the  hydrants  made,  we  had  the  heads  made  the  same  size  on  the 
small  independent  25-inch  hose  connections  that  they  were  on  the 

*  Superintendent  of  Water  Works,  Lawrence,  Mass. 
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main  spindle,  so  a  man  wouldn't  have  to  turn  the  wrench  over 
at  all.  I  thought  1  would  bring  the  matter  to  Mr.  Fuller's  atten- 
tion to  see  what  he  thought  of  it. 

Mr.  Freeman  C.  Coffin.*  I  should  like  to  ask  Mr.  Fuller  if 
he  has  heard  any  complaint  that  the  stems,  as  they  are  made  now, 
are  too  weak?  I  have  heard  some  complaint  of  that  kind,  and  the 
suggestion  that  they  might  be  made  larger  or  stronger  than  in  the 
past. 

Mr.  Fuller.  Yes,  I  think  .Mr.  Coffin  is  right,  that  these  stems 
are  too  small  for  the  wrench  which  is  likely  to  be  used,  and  apt 
to  twdst  off.  ]\Iy  own  idea  is  that  it  is  much  better  to  screw  an 
independent  valve  (such  as  are  carried  in  the  hose  wagons)  on 
each  outlet  nozzle  of  the  hydrant,  and  connect  the  hose  with  this 
valve,  rather  than  have  these  independent  gates  which  are  inside 
the  casing  of  the  hydrant,  and  which  are  forever  getting  out  of 
order.  In  the  excitement  of  a  fire  it  is  very  apt  to  be  the  experi- 
ence, I  think,  that  these  small  stems,  being  so  small,  are  twisted 
off  and  broken,  and  trouble  ensues;  when  you  want  to  shut  them, 
you  can't  shut  them.  But  if  you  have  an  independent  valve, 
operated  by  a  hand  wheel,  on  each  hydrant  opening,  you  avoid  this 
danger.  I  notice  that  some  of  the  manufacturers  of  hydrants 
place  an  independent  valve  on  each  nozzle  of  the  hydrant.  Pos- 
sibly this  matter  ought  to  have  received  more  attention  from  the 
committee. 

]Mr.  Alexander  Orr.  In  connection  with  the  4-W'ay  and 
3-way  hydrant,  the  hydrants  which  have  been  shipped  to  our  de- 
partment lately  do  not  have  this  auxiliary  valve  inside  the  hy- 
drant barrel,  but  on  the  outside,  being  an  entirely  auxiliary  valve 
with  a  wheel  at  the  top.  That  type  of  hydrant,  I  understand,  is 
the  one  which  is  recommended  by  the  National  Fire  Underwriters 
Association,  and,  in  fact,  it  is  the  hydrant  which  was  specified  by 
them  in  some  of  our  work. 

Mr.  George  A.  Stacy.!  While  the  spindle  for  the  auxiliary 
valve  or  independent  nozzle,  I  think,  is  amply  large  enough  to 
open  or  close  the  valves,  the  trouble  is  with  the  implement  we  are 
oljliged  to  employ  in  opening  and  closing  these  small  valves.     The 
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wrench  is  practically  the  same  length  and  gives  the  same  leverage 
as  that  which  opens  the  inain  gate  of  the  hydrant.  You  know 
that  all  the  men  who  run  in  the  fire  departments  are  not  me- 
chanics, and  they  get  the  same  leverage  on  the  small  stem  that 
they  do  on  the  mrin  g;  te.  1  h:;ve  In  d  two  broken  in  that  way, 
not  because  the  spindle  wasn't  strong  enough  to  open  and  close 
the  valve,  but  because  the  man  with  the  leverage  he  was  using 
was  too  strong  for  the  spindle.  These  spindles  would  do  the  work 
if  the  leverage  was  reduced  to  a  point  where  it  would  be  impos- 
sible for  a  man  to  overcome  the  factor  of  safety,  but  they  can't 
stand  the  strain  where  a  man  with  a  long  wrench  uses  the  same 
strength  to  open  or  close  a  2-  or  a  'i^-inch  valve  as  he  does  to  open 
or  close  a  6-  or  8-inch  gate.  I  think  that  the  valve  which  is 
put  on  the  outside  of  the  hydrant ,  with  a  wheel  giving  the  leverage 
adapted  for  that  size  of  valve,  is  the  proper  thing  (when  placed  in 
a  mill  yard),  as  called  for  by  the  underwriter  specifications  and 
recommended  by  them  for  use  in  their  mill  ec{uipments.  If  placed 
on  the  hydrants  in  our  public  streets,  I  think  there  would  be  danger 
of  their  becoming  damaged  and  inoperative  by  the  ever-present 
small  boy  and  the  malicious  that  are  in  every  communit,y.  I 
think  you  agree  with  irie  that  no  hydrant  maker  makes  a  valve 
stem  which  is  not  amply  able  to  open  or  close  the  valve  without 
breaking,  and  that  the  trouble  is  with  the  wrench. 

i\lR.  Collins.  I  think  this  discussion  has  brought  up  some- 
thing which  is  going  to  be  of  some  benefit  to  the  association,  and 
while  1  don't  want  to  impose  any  more  work  on  ]\Ir.  Fuller  than 
is  necessary,  I  think  it  would  be  wise  to  accept,  but  not  adopt,  the 
report  to-day,  and  then  to  give  him  a  little  more  time  in  order 
to  look  the  matter  up  and  talk  with  the  hydrant  men,  and  in  the 
winter  he  may  have  something  to  suggest  to  us  on  the  opening  of 
the  independent  25-inch  hose  connections. 

Mr.  St.4CY.  I  am  not  of  Brother  Collins'  mind  in  regard  to  not 
putting  any  more  work  on  to  Mr.  Fuller,  for  I  think  he  has  had 
too  easy  a  time.  I  was  on  the  committee  on  uniformity  of  hose 
and  hydrant  threads,  and  we  had  quite  a  jolj  on  our  hands,  and  I 
don't  want  Brother  Fuller  to  get  out  of  it  any  easier  than  we  did. 
He  has  made  what  I  call  an  excellent  common-,  horse-sense  report 
on  this  matter,  as  far  as  he  has  gone,  but  I  think  he  can  spread 


356  UXIFOHMITV    OF    DPKXIXG     IIVDRAXTS    AXI)    VAL\ES. 

out  a  little  more  and  take  in  the  other  details  with  a  great  deal 
of  satisfaction  to  himself  and  benefit  to  the  association,  and  I 
don't  think  we  ought  to  atlopt  this  report  until  he  covers  the 
ground  more  fully. 

^Ir.  Fuller.  1  am  sorry  Mv.  Stacy  thinks  I  have  had  so  easy 
a  time.  As  I  told  you,  ^Ir.  Kimball  is  in  Washington,  and  it  takes 
about  two  weeks  to  get  a  letter  to  him  and  receive  an  answer, 
even  if  he  writes  immediately,  ^ir.  Kimball  has  been  very  good 
and  said  he  would  help  us  all  he  could.  Mr.  French,  as  you  all 
know,  is  an  extremely  busy  man.  and  acciuiesced  in  my  offer  to 
draft  a  report.  So  1  wrote  out  the  report  and  sent  copies  to  the 
other  members  of  the  committee.  Mr.  French  was  away  on  his 
vacation,  but  he  had  one  of  his  men  come  down  to  my  office,  a 
very  bright  young  man,  who  had  had  considerable  experience  in 
getting  out  similar  papers,  ami  together  we  went  through  it,  and 
then  I  re-submitted  it  to  'Sir.  French  and  he  thought  it  was  sub- 
stantially right.  ]\lr.  Kiml^all  also  sent  his  ajDproval.  I  think 
the  points  raised  by  ^Ir.  Stacy  and  by  ]Mr.  Collins  are  good  ones, 
and  the  committee  will  Ije  glad  to  give  proper  attention  to  this 
matter  of  independent  valves,  look  into  it,  and  add  to  this  report 
something  in  this  connection  and  present  it  at  some  meeting 
next  winter.  I  think  the  committee  would  be  glad  to  get  the 
thing  into  shape  and  have  the  matter  settled. 

^fR.  A.  E.  Martix.''=  If  the  committee  wants  any  more  informa- 
tion on  this  subject ,  I  would  suggest  that  they  write  to  ^Ir.  A.  W.  F. 
Brown,  water  registrar  at  Fitchljurg.  I  had  occasion  to  visit  him 
a  little  while  ago  in  regard  to  some  high-service  fire  protection;  he 
is  not  only  water  registrar,  but  he  takes  a  great  interest  in  the 
fire  department,  —  runs  to  about  every  fire  they  have  and  helps 
out,  —  and  I  don't  think  he  would  recommend  any  auxiliary 
valves  at  all.  In  fact,  he  talked  very  much  against  them.  He 
said  the}'  were  almost  alwa}'s  found  to  he  shut  when  they  ought 
to  l)e  open,  or  open  when  they  ought  to  be  shut,  and  very  often 
a  spindle  was  broken  or  otherwise  damaged,  jiarticularly  if  the 
highway  department  were  allowed  to  use  the  hydrants.  It  oc- 
curred to  me  tliat  perhaps  the  committee  might  get  some  useful 
information  from  him. 
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Mr.  Stacy.  1  would  suggest,  Mr.  President,  that  we  accept 
this  report  of  the  committee  as  a  report  of  progress,  and  request 
the  committee  to  make  a  further  report  at  some  early  meeting 
next  winter. 

Mr.  Fuller.  I  will  withdraw  my  motion  that  the  report  Ije 
adopted. 

The  President.  Then,  if  there  is  no  objection,  the  report  will 
be  accepted  as  a  rei)ort  of  progress,  and  the  committee  requested 
to  continue  its  work  and  report  finally  at  some  meeting  next 
winter. 

^Ir.  Charles  W.  Sher.max.  Before  the  matter  is  closed  there 
is  one  other  jDoint  in  connection  Avith  it  which,  it  seems  to  me,  the 
committee  might  consider  with  profit  in  its  future  deliberations, 
and  which  is  of  a  good  deal  of  interest  in  connection  with  one  of 
the  works,  at  least,  with  which  I  am  connected.  In  one  small 
water  system  which  we  are  operating  there  are  valves  opening 
in  both  directions,  and  this  is  not  quite  so  uncommon  a  thing  as 
might  be  supposed.  I  have  instructed  the  superintendent  of  the 
works  to  go  over  the  system  and  mark,  with  the  most  durable 
white  paint  he  could  get,  an  arrow  on  the  under  side  of  the  valve- 
box  cover,  showing  in  what  direction  the  particular  valve  opens, 
^lost  makers  of  valves  also  make  the  standard  cast-iron  valve 
boxes  which  are  in  general  use,  and  why  the  covers  of  those  boxes 
should  not  be  made  with  large  arrows  on  them,  —  good,  large, 
prominent  arrows,  which  would  show  even  if  the  cover  got  rusty,  — 
I  don't  see.  Of  course  you  would  have  to  buy  a  supply  of  covers 
with  right-hand  and  left-hand  arrows,  if  you  had  both  kinds  of 
valves  on  the  works,  but  that  would  be  a  small  matter. 

i\[R.  Coffin.  There  is  one  .suggestion  I  should  like  to  make,  and 
I  make  it  modestly,  for  I  haven't  thought  much  about  it.  It  cer- 
tainly is  very  desirable  that  every  water  works  should  haxe  uni- 
formity in  regard  to  opening  of  valves,  and  all  valves  certainly 
should  open  in  the  same  direction,  and  it  is  very  unfortunate  that 
matters  are  in  the  condition  that  they  are  at  present.  It  seems 
to  me  it  might  not  be  a  \-ery  expensive  matter  for  towns  where 
there  are  valves  opening  in  both  directions,  which  desired  to 
adopt  a  standard. —  probably  the  left-hand  standard,— to  put  on  a 
gear  simply  to  reverse  the  movement  of  the  valve.     I  think  a 


358  TiNIP^OHMITY    OF    OTKNIXG    HYDRANTS   AND    VALVES. 

device  coukl  ])e  made  very  cheaply  and  applied  to  the  flange  of 
the  bonnet  or  hood  of  the  valve  without  removing  the  valve  or 
even  shutting  off  the  water.  One  of  the  gears  could  be  put  on  in 
place  of  the  present  nut  on  the  end  of  the  stem.  I  think  an  appa- 
ratus of  that  kind  might  be  designed  at  a  cost  of  perhaps  less  than 
a  6-inch  gate,  perhaps  not  less  than  a  4-inch  gate,  and  it  would 
obviate  any  taking  up  of  gates  and  cutting  up  pipe  lines,  etc. 
I  would  make  the  suggestion  that  the  committee  consider  if  any- 
thing can  be  done  in  that  direction. 

Mr.  J.  D.  Hardy.*  Holyoke  is  one  of  the  places  which  are 
unfortunate  in  having  their  valves  open  one  w^ay  and  their 
hydrants  the  other  way.  When  they  started  in  to  build  the  works 
I  suppose  they  didn't  think  much  about  that,  and  we  have  so 
many  valves  and  gates  now  that  it  would  be  almost  impossible 
to  change  them.  They  are  making  in  Holyoke  now  what  is  called 
the  Hercules  independent  gate  to  put  on  the  outside  of  the  hy- 
drants. It  has  a  nut,  and  one-half  turn  of  that  opens  or  closes 
the  valve,  and  no  wheel  is  required.  I  don't  know  what  the  effect 
of  water  hammer  would  be,  but  we  are  putting  on  quite  a  number 
of  them  now  and  we  have  had  no  trouble  from  those  that  are  in 
use  so  far.  They  can  be  easily  put  on  any  hydrant,  and  if  they 
work  as  they  seem  to  be  able  to.  I  think  they  will  be  one  of  the 
best  things  that  I  have  ever  seen  or  known  of  for  an  independent 
gate  on  a  hydrant.  I  don't  think  much  of  these  things  with  a 
small  nut  on  top.  I  know  I  put  one  in  one  day,  and  the  very  next 
day  the  firemen  went  to  open  it  and  they  broke  the  nut.  disabling 
the  hydrant  for  that  fire.  But  the  Hercules  can  be  readily  taken 
off  should  it  break,  though  I  see  no  reason  why  a  fireman,  even 
if  he  loses  his  head,  should  break  it. 

]\Ir.  J.  C.  Gilbert. t  The  works  in  our  town  were  put  in  in 
1883  and  1884,  and  when  we  called  for  bids  for  hydrants,  the 
parties  who  came  forward  told  us  that  most  hydrants  sold  at  that 
time  opened  to  the  right.  The  committee  —  I  had  tlie  honor  of 
being  one  of  the  committee  —  could  hardly  see  why  they  should 
open  to  the  right.  We  discussed  the  matter  for  a  number  of 
days,  and  finally  decided  that,  let  others  have  them  as  they  would, 
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we  would  have  ours  open  to  the  left,  and,  therefore,  we  put  in  all 
our  hydrants  and  valves  ahd  gates  to  o])en  to  the  left,  and  I  assure 
you  we  ne^■er  have  been  sorry. 

1  recollect  one  little  incident  connected  with  it.  We  had  a 
bad  break  on  a  pipe  line  where  there  Avere  a  number  of  large  fac- 
tories, and  we  worked  all  night  to  get  the  water  on  the  line  so  the 
factories  could  have  it  early  in  the  morning.  We  got  through 
about  five  o'clock,  and  I  told  the  foreman  that  when  I  went  to 
breakfast  I  would  open  one  of  the  gates  on  the  main  line  before 
I  had  my  breakfast,  so  that  the  factories  could  get  water  all  right. 
I  did  so  and  then  went  home,  and  while  I  was  eating  my  break- 
fast a  man  came  up  to  the  house  post  haste,  and  said  that  the 
factories  \\ere  in  great  danger  l^ecause  they  had  started  up  steam 
and  couldn't  get  any  water.  I  immediately  left  my  breakfast 
and  started  for  the  house  of  the  foreman,  who  also  had  gone  home, 
and  I  asked  what  it  all  meant.  I  said:  "  I  opened  the  gate."  He 
said:  "  I  forgot  what  you  told  me,  nnd  I  sent  one  of  my  men  up 
there  to  open  it."  It  was  a  mystery  to  us,  and  so  I  said: ''  Let  us 
go  up  to  the  gate,"  and  we  went.  This  man  had  been  working  for 
the  city  of  Brockton,  where  the  gates  open  to  the  right;  and 
we  found  that  he  had  been  there  and  turned  down  the  gate 
immediately  after  I  had  opened  it.  We  have  but  one  gate  in 
the  town  that  opens  to  the  right,  and  that  is  not  in  commission 
at  present,  as  we  have  abandoned  the  well  where  it  is  located.  It 
was  set  by  a  contractor,  and  we  didn't  know  that  it  opened  to  the 
right  until  after  it  was  put  in. 

Another  little  incident.  Some  two  years  ago  we  made  a  trade 
with  the  city  of  Brockton, — when  they  took  water  from  Silver  Lake, 
—  for  them  to  furnish  us  with  water.  Of  course  we  had  a  large  gate 
where  we  tapped  their  pipe.  It  was  something  like  a  mile  from 
the  center  of  the  village.  AVe  got  the  job  all  completed,  and  at 
the  last  moment  it  was  decided  that  we  should  have  a  sort  of  cele- 
bration when  the  water  was  let  on,  and  I  was  selected  as  the  man 
to  open  the  gate.  There  were,  I  guess,  a  thousand  people  present, 
and  after  having  pictures  taken  of  all  the  dignitaries.  I  placed 
myself  in  position  to  open  the  gate.  It  was  my  good  fortune  to 
hdxe  one  of  the  Brockton  officials  standing  at  my  left.  After 
making  a  short  speech,  I  boldly  attempted  to  open  the  gate,  and 
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it  brought  up  solid.  I  was  working  at  it  with  all  my  might  when 
the  Brockton  man  touched  me  on  the  shoulder  and  said.  ''  It 
opens  to  the  right."  [Laughter.]  It  was  too  late,  however,  and 
the  laugh  was  on  me.  The  story  got  into  tho  local  papers  and  it 
has  always  been  kept  as  a  joke  at  my  expense. 

I  never  could  see  any  reason  myself  for  opening  a  gate  to  the 
right.  What  would  you  think  of  a  manufacturer  of  screws  who 
made  them  to  turn  down  by  turning  to  the  left?  It  is  just  as 
natural  if  a  man  is  going  to  turn  a  screw  to  turn  it  to  the  right  as 
it  is  for  him  to  breathe;  it  seems  to  be  a  sort  of  instinct,  and  it 
always  seemed  to  me  a  very  wrong  thing  to  have  a  valve  or  a 
hydrant  open  to  the  right. 

Mr.  Edmund  ^I.  Blake.*  I  should  like  to  say  a  word,  Mr. 
President,  along  the  line  suggested  by  ^Ir.  Sherman.  The  keep- 
ing of  careful  record  plans  of  pipe  lines,  connections,  hj^drants, 
gates,  etc.,  has  advanced  a  great  deal  in  the  last  few  5'ears,  but 
there  are  still  many  cases,  in  cities  where  both  right-  and  left-hand 
gates  have  been  put  in,  where  the  record  is  not  quite  clear.  This 
has  been  brought  to  my  own  notice  in  some  recent  tests  which 
we  have  been  carrying  on  in  some  of  the  large  cities  witli  the 
l^itometer.  In  some  cases  fires  have  broken  out.  and  in  two  par- 
ticular cases  the  pressure  was  very  much  less  than  they  had  ex- 
pected to  get  at  a  given  point,  and  as  the  pitometer  was  in  service 
at  that  time,  it  was  used  to  investigate  to  see  what  the  trouble 
was.  In  those  two  cases  we  found  gates,  which  were  supposed  to 
be  left-hand  gates,  which  were  really  right-hand  gates,  and  they 
were  closed  and  had  been  that  way  for  five  or  six  years,  unknown 
to  any  member  of  the  department. 

Mr.  Fuller.  In  regard  to  what  ^Ir.  Sherman  suggests  as  to 
putting  an  arrow  on  the  under  side  of  the  cover  of  the  valve-box, 
would  it  not  l^e  well  to  put  the  arrow  on  the  top  of  the  cover  as  well 
as  on  the  under  side?  The  only  objection  I  can  see  to  putting  it 
on  the  top  of  the  cover  is  that  it  might  possibly  get  worn  off  b}^ 
the  action  of  teams  and  wheels.  If  it  is  put  on  the  under  side,  I 
can't  see  any  objection  to  putting  it  also  on  the  upper  side.  I 
don't  suppose  it  would  cost  any  more  in  making  these  covers  to 
have  two  arrows  instead  of  one.  but  it  seems  to  me  if  there  is  to 
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be  only  one,  it  would  be  better  to  have  it  on  top,  where  a  man 
taking  off  the  cover  would  naturally  see  it, 

Mr.  Sherman.  I  should  certainly  advocate  casting  the  covers 
so  as  to  have  the  arrow  on  both  sides.  'Sly  point  was  that  in 
painting  them  on  the  covers,  the  paint  wouldn't  last  any  time  at 
all  on  the  upper  surface,  and  so  I  told  the  superintendent  to  paint 
them  on  the  under  side,  and  then,  of  course,  a  man  would  have 
to  turn  the  cover  over  to  see  in  which  direction  to  open  the  valve. 
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J.uxE  Meeting. 

"  Field  Day,,"  June  13,    1906. 
Excursion  to  Charlestown  Navy  Yard,  and  by  steamer  Phila- 
delphia, down  Boston  Harbor  and  to  Nantasket  Point. 
The  following  were  in  attendance: 

Members. 

S.  A.  Agnew,  F.  D.  Berry,  J.  M.  Birmingham,  C.  S.  Burns,  Jas.  Burnie,  C.  E. 
Childs,  P.  M.  Churchill,  M.  F.  Collins,  E.  C.  Crosby,  Geo.  E.  Crowell,  M.  J. 
Doyle,  E.  R.  Dyer,  E.  D.  Eldridge,  I.  T.  Farnham,  J.  N.  Ferguson,  E.  W. 
Gaylord,  J.  C.  Gilbert,  A.  S.  Glover,  A.  A.  Gould,  J.  A.  Gould,  J.  W.  Graham, 
F.  S.  Mollis,  J.  L.  Howard,  E.  W.  Kent,  Willard  Kent,  G.  A.  King,  J.  W. 
Lynch,  E.  C.  Levy,  F.  F.  Longley,  A.  R.  McCallum,  Hugh  McLean,  F.  E. 
Merrill,  H.  A.  Miller,  E.  B.  Phelps,  E.  M.  Shedd,  C.  W.  Sherman,  J.  T.  Stevens, 
L.  A.  Taylor,  H.  L.  Thomas,  R.  J.  Thomas,  W.  H.  Thomas,  D.  N.  Tower,  J.  C. 
Whitney,  W.  P.  Whittemore,  Geo.  E.  Wilde,  F.  B.  Wilkins,  G.  E.  Winslow.  — 
47. 

Honorary  Members. 

W.  T.  SedgAvick.  —  1. 

Associates. 
Builders  Iron  Foundry,  by  A.  B.  Coulter;  Chapman  Valve  Mfg.  Co.,  by 
Edward  F.  Hughes;  Fred  C.  Gifford;  Hersey  Mig.  Co.,  by  Albert  S.  Glover; 
Lead  Lined  Iron  Pipe  Co.,  by  Thomas  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  by 
A.  R.  Taylorj  National  Meter  Co.,  by  J.  G.  Lufkin;  Piatt  Iron  Works  Co., 
by  F.  H.  Hayes;  Rensselaer  Mfg.  Co.,  by  C.  L.  Bro'mi;  Ross  Valve  Co.,  by 
Wm.  Ross;  Thomson  Meter  Co.,  by  E.  M.  Shedd;  Union  Water  Meter  Co., 
by  W.  F.  Hogan;  R.  D.  Wood  &  Co.,  by  W.  F.  Woodburnj  Henry  R.  Worth- 
ington,  by  Samuel  Harrison.  —  14. 

Guests. 
D.  L.  Agnew,  Scituate,  Ma.ss.;  C.  O.  Bourne,  Charlestown,  Mass.j  F.  L. 
Cadou,  Vincennes,  Ind.j  Miss  S.  Chambers,  Miss  M.  Ebert,  Buffalo,  N.  Y.; 
Miss  Nellie  DeGreefe,  Amsterdam,  N.  Y.;  A.  F.  Estabrook,  Leicester,  Mass.; 
Mrs.  J.  N.  Ferguson,  Boston,  Mass.j  C.  O.  Galvin,  E.  F.  Garby,  Worcester, 
Mass.;  Mrs.  John  A.  Gould,  Newton,  Mass.;  Edward  Hanlon,  Cohasset, 
Mass.;  W.  C.  Hopper,  Paterson,  N.  J.;  Mrs.  J.  L.  Howard,  Boston,  Mass.; 
F.  S.  Inman,  Akin,  N.  Y.;  R.  A.  Jones,  Waltham,  Mass.;  Mrs.  E.  W.  Kent, 
Woonsocket,  R.  I.;  A.  A.  Longley,  Washington,  D.  C.j  Miss  K.  S.  McCarthy, 
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Boston,  IMass.;  Mrs.  H.  A.  Miller,  Xewton  Highlands,  Mass.;  Miss  Xorwell, 
Chicago,  111.;  Mrs.  Noyes,  Gloversville,  N.  Y.;  Mrs.  E.  B.  Phelps,  Boston, 
Mass. J  Chas.  Rollins,  Watertown,  Mass.;  Chas.  W.  Ross,  Mrs.  Chas.  W.  Ross, 
Newton,  Mass.;  Mrs.  G.  M.  Sargent,  Kansas  City,  Mo.;  Capt.  Sears,  Mrs. 
Sears,  Ljnin,  Mass.;  Mrs.  E.  M.  Shedd,  Somerville,  Mass.j  Miss  Stizil,  Chicago, 
111.;  Mrs.  R.  J.  Thomas,  Lowell,  Mass.;  E.  A.  \\'inchester.  Maiden,  Ma.ss.; 
Mrs.  G.  E.  Winslow,  Waltham,  Mass.j  Mrs.  B.  M.  Wood,  Kansas  Cit}',  Mo.; 
—  35. 

[Names  counted  twice,  —  2.] 

Meeting  was  called  to  order  on  board  the  steamer  by  Vice- 
President  Jos.  IM.  Birmingham.  Secretary  Willard  Kent  read 
applications  for  membership  from  the  following  persons: 

For  Resident  Member:  Dr.  Gardner  T.  Swarts,  Providence,  R.  I.; 
ChaHes  E.  Childs,  Somerville,  Mass.;  E.  C.  Crosby,  Brattleboro, 
Vt., 

For  N on-Resident  Member:  George  M.^  Bacon,  Salt  Lake  City, 
Utah;  S.  J.  Rosamond,  Fort  Smith,  Ark.;  Robert  J.  Harding, 
Hudson.  N.  Y.;  Charles  L.  Fox,  Pittsburg,  Pa.;  A.  W.  Shaw, 
Brandon,  Manitoba. 

These  applications  were  approved  by  the  Executive  Committee. 
It  was  voted  that  the  Secretary  cast  a  ballot  for  the  applicants, 
and  he  having  clone  so,  they  were  declared  duly  elected  to  member- 
ship. 

There  being  no  further  business,  the  meeting  adjourned. 


Twenty-Fifth  Annual  Convention. 

Fabyan  House,  Fabyans,  N.  H., 

September  12,  13,  14,  1906. 

The  Twenty-Fifth   Annual  Convention   of  the   New   England 

Water  Works  Association  was  held  at  the  Fabyan  House,  Fabyans, 

White  JMountains,  N.  H.,  on  Wednesday.  Thursday,  and  Friday, 

September  12,  13,  and  14,  1906. 

The  following  members  and  guests  were  registered: 

Members. 

S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  F.  A.  Barbour,  J.  E.  Beals, 

F.  D.  Berry,  J.  M.  Birmingham,  F.  E.    Bisbee,  E.  M.  Blake,  George  Bowers, 

James  Burnie,  C.  E.  Chandler,  J.  C.  Chase,  F.  C.  Coffin,  M.  F.  CoUins,    J.  H. 

Cook,  G.  K.  Crandall,  C.  E.  Da\-is,  J.  J.  Desmond,  M.  J.  Doyle,  Bartholomew 
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Dwyer,  E.  R.  Dyer,  C.  H.  Eglee,  E.  D.  Eldredge,  C.  R.  Felton,  A.  M.  French, 

F.  L.  Fuller,  J.  C.  Gilbert,  W.  J.  Goldthwait,  X.  H.  Goodnough,  F.  W.  Gow; 
J.  W.  Graham,  P.  T.  W.  Hale,  J.  D.  Hardy,  H.  R.  Johnson,  W.  S.  Johnson, 
\^'illard  Kent,  Patrick  Kieran,  G.  A.  King,  Morris  Knowles,  F.  H.  Luce, 
Hugh  McLean,  H.  V.  Macksey,  A.  E.  Martin,  F.  E.  Merrill,  H.  A.  Miller,  J. 
T.  Miller,  F.  L.  Northrop,  Alexander  Orr,  Washington  Paulison,  C.  E.  Peirce, 
T.  A.  Peirce,  E.  B.  Phelps,  A.  A.  Reimer,  E.  M.  Shedd,  C.  W.  Sherman,  G.  H . 
Snell,  H.  W.  Spooner,  J.  F.  Sprenkel,  G.  A.  Stacy,  G.  T.  Staples,  R.  J.  Thomas, 
AV.  H.  Thomas,  J.  L.  Tighe,  D.  N.  Tower,  L.  L.  Tribus,  C.  K.  Walker,  E.  L. 
Wallace,  C.  S.  Warde,  J.  C.  Whitney,  G.  E.  Winslow,  L  S.  Wood,  G.  W. 
Wright,  L.  C.  Wright.  — 74. 

Honorary  Members. 
William  T.  Sedgwick,  F.  W.  Shepperd.—  2. 

Associates. 
Anderson  Coupling  Co.,  by  Chas.  E.  Pratt;  Ashton  Valve  Co.,  by  C.  W. 
Houghton;  Builders  Iron  Foundr}-,  by  A.  B.  Coulters;  Chadwnck-Boston 
Lead  Co.,  by  C.  N.  Fairbairn;  Coffin  Valve  Co.,  by  H.  L.  Weston;  The  Fair- 
banks Co.,  by  F.  A.  Leavitt  and  Chas.  H.  White;  Garlock  Packing  Co.,  by 
J.  E.  Case;  Hart  Packing  Co.,  by  Horace  A.  Hart;  Hersey  Mfg.  Co.,  by 
H.  D.  Winton  and  H.  V.  Macksey;  International  Steam  Pump  Co.,  by  Sam'l 
Harrison;  Jenkins  Bros.,  by  J.  D.  Stiles;  Lead  Lined  Iron  Pipe  Co.,  by 
T.  E.  Dwj-er;  Ludlow  Valve  Mfg.  Co.,  by  H.  F.  Gould;  H.  MueUer  Mfg.  Co., 
by  O.  B.  Mueller  and  Geo.  A.  Caldwell;  National  Meter  Co.,  by  C.  H.  Baldwin 
and  J.  G.  Lufkin;  Neptune  Meter  Co.,  by  H.  H.  Kinsey;  Norwood  Engineer- 
ing Co.,  by  H.  W.  Hosford;  Pittsburg  Meter  Co.,  by  F.  C.  Clifford;  Rensselaer 
Mfg.  Co.,  by  C.  L.  Browii;  Ross  Valve  Co.,  by  William  Ross;  A.  P.  Smith 
Mfg.  Co.,  by  Fred  Whitcomb;  Thomson  Meter  Co.,  by  Edw.  M.  Shedd;  Union 
Water  Meter  Co.,  by  F.  L.  Northrop,  Edw.  P.  King  and  Chas.  F.  Merrill; 
AVater  Works  Equipment  Co.,  by  W.  H.  Van  Winkle;  R.  D.  Wood  &  Co., 
l)y  Wm.  F.  Woodburn.— 3L 

Guests. 

Mr.  M.  K.  Murnair,  Biddeford,  Me. ;  Miss  Dyer  and  Miss  Robinson,  Portland, 
Me.;  Mrs.  John  C.  Chase,  Derry,  N.  H.;  Mr.  and  Mrs.  W.  M.  Gates,  Nashua, 
X.  H.;  Mrs.  E.  L.  Wallace,  Franklin,  N.  H.;  Mrs.  T.  J.  Baker,  Johnson,  Vt.; 
Mr.   Browley,    conductor  Mt.  Washington   Railway,   Fabyans,  N.   H.;    Mrs. 

G.  H.  Snell,  Attleborough,  Mass.;  Mrs.  Charles  W.  Sherman,  Belmont,  Mass.; 
Mrs.  H.  A.  Hart,  Mr.  and  Mrs.  P.  H.  Gallaher,  Mrs.  Wm.  S.  Johnson,  Miss 
Florence  Kimball,  Mrs.  J.  D.  Stiles,  Mrs.  H.  H.  Kinsey.  Mrs.  H.  V.  Macksey, 
Mrs.  Sam'l  Harrison,  Miss  Joan  M.  Ham,  Mr.  L.  C.  Wason,  Mr.  T.  P.  Taylor, 
Boston,  Mass.;  Mrs.  Charles  R.  Felton,  Brockton,  Mass.;  Mrs.  C.  H.  Eglee, 
Brookline,  Mass.;  Mr.  and  Mrs.  James  P.  Bacon,  Cambridge,  Mass.;  Mrs. 
D.  N.  Towner,  Mary  P.  Tower  and  Bessie  L.  Tower,  Cohasset,  Mass.;  Mrs. 
George  T.  Staples,  Miss  G.  M.  Staples,  Dedham,  Mass.;   Mrs.  Patrick  Kieran, 
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Fall  River,  Mass.;  Mrs.  H.  W.  Host'ord,  Mrs.  W.  A.  Stevenson,  Florence, 
Mass.;  Miss  Elenor  R.  Goldthwait,  Mrs.  C.  M.  Gregory,  Marblehead,  Mass.; 
Mrs.  H.  W.  Spooner,  Gloucester,  Mass.;  George  N.  Cross,  Haverhill,  Mass.; 
Mrs.  A.  M.  French,  Holyoke,  Mass.;    Mrs.  Wni.  H.  Thomas  and  Miss  Helen 

A.  Thomas,  Hingham,  Mass.;  Mrs.  J.  J.  Desmond,  Lawrence,  Mass.;  Mrs. 
George  Bowers,  Miss  Helen  E.  Bowers,  Mrs.  R.  J.  Thomas,  Miss  C.  Walsh, 
Miss  K.  Walsh,  M.  E.  Murkland,  Lowell,  Mass.;    Eleanor  A.  Barden  and  H. 

B.  Sylvester,  Middleboro,  Mass.;  Buckingham  Miller,  Newton  Highlands, 
Mass.;  Mrs.  S.  A.  .\gnew  and  Miss  Hattie  F.  Seaverns,  North  Scituate,  Mass.; 
Mrs.  E.  D.  Eldredge,  Onset,  Mass.;  Miss  S.  C.  Berry,  A.  W.  Danlorth,  Alice 
A.  Danforth,  L.  A.  Danforth,  Reading,  Mass.;  E.  T.  Harvell  and  Chas.  A. 
Townsend,  Rockland,  Mass.;  Mrs.  E.  M.  Shedd,  Miss  Lillian  E.  Leavitt, 
Edwin  Leavitt,  Somerville,  Mass.;  Mrs.  E.  A.  Martin,  Springfield,  Mass.;  Miss 
Lucy  C.  King,  Taunton,  Mass.;  Mrs.  George  E.  Wtnslow,  Waltham,  Mass.; 
Agnes  L.  Coffin,  John  R.  Coffin,  W.  Medford,  Mass.;  Mrs.  F.  L.  Fuller,  Clifford 
D.  Winton,  Mrs.  H.  D.  Winton,  Wellesley  Hills,  Mass.;  J.  E.  Peirce,  Enmia 
F.  Vaughan,  East  Greenwich,  R.  I.;  Mrs.  C.  E.  Peirce,  East  Providence,  R.  I.; 
Mrs.  Irving  S.  Wood,  Providence,  R.  I.;  Mrs.  W.  H.  Griffith,  Mrs.  Willard 
Kent,  W.  H.  Griffith,  Jr.,  Narragansett  Pier,  R.I. ;  J.  H.Walsh,  East  Hart- 
ford, Conn.;  Mrs.  George  K.  Crandall,  New  London,  Conn.;  Mrs.  Perry  T.  W 
Hale,  Middlctowii,  Conn.;  Charles  Whiting  Baker  of  "Engineering  News," 
Mrs.  D.  M.  Gilbert,  Mrs.  F.  W.  Shepperd,  Mrs.  I.  S.  Holbrook,  Mrs.  Louis  L. 
Tribus,  Master  Lucien  Hall  Tribus,  :\Irs.  O.  B.  Mueller,  Mrs.  Chas.  H.  White, 
Edw.  S.  Cole,  Mr.  I.  S.  Holbrook  of  "  Engineering  Record,"  New  York 
City;  Mrs.  C.  E.  Davis,  Brown's  Station,  N.  Y. ;  Mrs.  Alexander  Orr,  Glovers- 
ville,  N.  Y.;  H.  A.  Holmes,  Waterford,  N.  Y.;  Mrs.  F.  H.  Luce,  Woodhaven, 
N.  Y. ;  Agnes  Estes  Reimer,  East  Orange,  N.  J.;  Mrs.  J.  H.  Cook,  Mrs. 
Washhigton  Paulison,  Passaic,  N.  J.;  Mr.  C.  E.  Knowles,  Mrs.  Morris  Ivnowles, 
Miss  Helen  Knowles,  M.  Knowles,  Jr.,  Pittsburg,  Pa.;  Mrs.  Wm.  F.  Woodburn, 
Philadelphia,  Pa.;  Mrs.  C.  W.  Small,  Washington,  D.  C;  R.  Winthrop 
Pratt,  engineer  Ohio  State  Board  of  Health,  Columbus,  Ohio;  Mrs.  R.  G. 
Wallace,  Mrs.  A.  B.  Mora,  R.  G.  Wallace,  Chicago,  111.;  Mrs.  George  A. 
Stacy,  Marlboro,  Mass.;  Rev.  W.  S.  Miller,  Pittsburg,  Pa.;  :Mrs.  J.  M. 
Birmingham,  Miss  M.  E.  Dwyer,  Hartford,  Conn.;  Mr.  George  F.  Whitney, 
"  Hudson  Contracting  Co.,"  New  York  City. —  114. 

[Names  counted  twice,  —  4.] 

Tuesday  Evening.  September  IL 
An  informal  "  smoker  "  was  held  in  the  hotel  parlor,  to  listen 
to  a  lecture  on  the  White  ^Mountains,  b}'  Prof.  George  N.  Cross, 
illustrated  by  stereopticon. 

Wednesday.  September  12. 
The  ojiening  session  of  the  convention  was  held  on  Wednesday 
evening,    Prof.    William   T.    Sedgwick,    President,    in   the   chair. 
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Mr.  Morris  Knowles,  chief  engineer  Bureau  of  Filtration,  Pitts- 
burg, Pa.,  was  the  first  speaker.  He  gave  a  "  Prehniinary  De- 
scription of  the  Pittsburg  Filtration  System,"  illustrated  by 
stereo])ticon  views.  At  the  close  of  his  address.  President  Sedg- 
wick said: 

"  I  tl'.ink  we  have  reason  to  be  ])roud  of  this  work  which  is 
going  on  in  Pittsburg.  We  are  most  of  us  New  England  men, 
but  we  are  Americans  before  we  are  New  Englanders,  and  it  has 
been  a  disgrace  to  our  country  for  a  number  of  years  that  the 
rich,  powerful,  and  progressive  city  of  Pittsburg,  in  the  face  of 
repeated  warnings,  and  of  universal  knowledge  of  its  condition, 
has  gone  on  furnishing  its  people  sewage-polluted  water  to  drink. 
If  at  last  it  is  to  have  an  ample  filtration  plant,  that  may  be  some 
atonement,  although  at  best  it  will  have  been  installed  too  late 
to  satisfy  the  friends  of  such  as  have  died  of  typhoid  fever. 

"  One  cannot  help  being  impressed  with  the  tremendous  progress 
which  this  subject  of  filtration  has  made  in  the  past  few  years. 
When  we  think  of  the  Lawrence  filter.  Iniilt  in  1893,  as  the  first 
of  any  consequence  in  the  I'nited  States;  when  we  think  how 
few  years  have  gone  by  since  then,  and  remember  what  has  been 
done  in  Albany  and  in  Louisville  and  in  Washington,  and  in 
many  other  cities  and  towns  in  the  United  States,  and  now  in 
Pittsl)urg,  we  have  reason  to  be  ver}'  proud  of  the  advances 
which  are  going  on  in  water-works  sanitation  and  construction. 
The  time  is  fast  coming  when  to  furnish  sewage-polluted  water 
to  a  community  will  be  regarded  as  an  unpardonable  crime,  and 
when  any  city  that  continues  to  do  it  will  be  regarded  as  a  city 
in   disgrace. 

"No  one  who  has  listened  to^Ir.  Knowles  can  help  feeling  that 
here  is  a  i)lan  which  has  been  studied  out  carefully,  in  which  the 
possibilities  of  trouble  have  been  foreseen,  as  far  as  anyone  can 
foresee  them,  and  which  shows  an  amount  of  progress  which  is 
most  ])romising  and  interesting.  I  think  we  have  occasion  to 
rejoice,  not  only  as  members  of  the  New  England  Water  Works 
Association,  but  as  American  citizens,  that  the  city  of  Pittsburg 
is  likely  to  lose  its  disgraceful  ])i-ominence  in  typhoid-fever  statis- 
tics. For  years  every  one  wlu)  has  studied  typhoid  fever  in 
relation  to  water  supplies  has  pointed  out  Pittsburg  as  one  of 
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the  worst,  if  not  the  worst,  among  the  big  cities  of  the  country, 
and  that  in  the  face  of  wealth,  prosperity,  and  manufacturing 
inteUigence  such  as  the  world  has  perhaps  never  seen  in  any 
other  community  of  the  same  size.  It  is  incongruous,  it  is  an 
anachronism,  that  it  should  be  so,  and  it  is  high  time  that  Pitts- 
burg, and  all  other  cities  which  are  now  running  on  similar  lines, 
should  reform.  That  the  work  hapi^ens  to  be  in  charge  of  a 
member  of  the  New  England  Water  Works  Association  is  to  us 
a  double  cause  for  congratulation."     [Applause.] 

The  next  paper  was  by  Mr.  Carleton  E.  Davis,  department 
engineer  Board  of  Water  Supply,  New  York  City,  and  was  a 
presentation  of  "  Water  Supply  Problems  on  the  Isthmus."  This 
was  also  illustrated  by  stereopticon  views.  In  presenting  ^Ir. 
Davis,  President  Sedgwick  said: 

"  The  greatest  piece  of  water-works  construction  that  the  world 
has  ever  seen,  or  is  likely  soon  to  see,  is  now  in  progress  on  the 
Isthmus  of  Panama,  —  the  digging  of  the  transcontinental 
canal.  But  although  this  is  the  greatest  piece  of  work,  there  are 
connected  with  it  many  lesser  pieces  which  are  perhaps  quite 
as  interesting  to  us  as  water-works  people.  All  the  questions  of 
water  supply  for  the  towns  and  cities  on  the  Isthmus,  for  the 
laborers  who  must  work  on  the  canal  or  who  must  live  there  after 
it  is  built,  are  pressing  prol^lems  which  we  Americans  must  meet; 
and  many  of  them  are  new  problems,  because  when  the  Suez 
Canal  was  dug  engineers  hadn't  the  ideas  of  the  need  of  pure 
water  that  we  have  to-day,  —  water  of  any  kind  would  do  to  drink 
then.  —  but  to-day  we  want  to  dig  our  canal  in  the  most  honorable 
and  scientific  way,  and  we  want  the  people  who  are  digging  it,  and 
the  people  who  are  to  live  there  afterwards,  to  have  good  water 
to  drink.  And  here  we  can  again  congratulate  ourselves,  because 
Mr.  Carleton  E.  Davis,  one  of  our  own  members,  was  for  a  number 
of  months  engineer  in  charge  of  the  water  supply  and  sewerage 
problems  along  the  line  of  the  canal.  He  is  now  department 
engineer  of  the  water  supply  of  New  York  City,  Imt  he  has 
kindly  consented  to  have  made  for  us  some  lantern  slides  illus- 
trating local  conditions  on  the  Isthmus,  and  then  to  tell  us  about 
his  own  observations  and  experiences  there.  He  has  come  to  us 
to-night  from  New  York  for  this  purpose,  as  Mr.  Knowles  came 
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from  Pittsburg,  and  I  have  great  pleasure  in  presenting  him  to 
you  at  this  time."     [Applause.] 

At  the  conclusion  of  Mr.  Davis's  paper,  which  was  illustrated 
by  a  number  of  interesting  lantern  slides,  the  meeting  adjourned. 

Thursday,  September  13,  1906. 
The  convention  was  called  to  order  at  10  a.m.    by  President 
Sedgwick.     The  first  business  was  the  election  of  members.     The 
Secretary  read  the  following  list  of  applicants,  all  of  whom  had 
been  approved  by  the  Executive  Committee: 

Resident.  —  Leon  E.  Scruton,  Rochester,  N.  H.,  engaged  in 
engineering  and  in  installing  water  works;  John  H.  Walsh, 
Superintendent  East  Hartford  Fire  District  Water  Works,  East 
Hartford,  Conn.;  George  A.  Shackford,  Water  Commissioner, 
Reading,  Mass.;  Charles  A.  Bogardus,  Superintendent  Chicopee 
Water  Department,  Chicopee,  Mass.;  George  H.  Shaw,  Filtration 
Engineer  Springfield  Water  Works,  Ludlow,  Mass.;  Freeland 
Howe,  Jr.,  Norway,  Me.,  Consulting  Chemist  and  Bacteriologist; 
Henry  W.  Sanderson,  Westfield,  Mass.,  Superintendent  Westfield 
Water  Works;  Charles  A.  Townsend,  Water  Commissioner, 
Rockland,  Mass. 

N on- Resident. — H.  J.  Fuller,  Tacoma,  Wash.,  Chief  Engineer 
Tacoma  Water  Supply,  Puget  Sound  Power  Company,  etc. ;  G.  R. 
Coldwell,  Brandon,  Manitoba,  Canada,  Chairman  Water  Works 
Committee  of  Brandon. 

Associate.  —  Hudson  Contracting  Company,  cleaning  water 
mains;  The  Pitometer  Company,  Chicago. 

On  motion  of  Mr.  Collins  the  Secretary  was  instructed  to  cast 
one  ballot  in  favor  of  the  applicants,  and,  he  having  done  so,  they 
were  declared  elected  members  of  the  association. 

The  Secretary  announced  that  the  Executive  Committee 
unanimously  recommended  the  election  of  the  following-named 
gentlemen  as  Honorary  Members: 

Joseph  P.  Davis,  C.  E.,  Yonkers,  N.  Y.,  —  formerly  City 
Engineer,  Boston,  —  Chief  Engineer  of  the  Sudbury  River  Water 
Works,  Consulting  Engineer  Metropolitan  Water  and  Sewerage 
Board  of  jMassachusetts,  etc. 

Dr.  Henry  P.  Walcott,  Cambridge,  Mass.,  Chairman  Massa- 
chusetts State  Board  of  Health,  member  of  Metropolitan  Water 
and  Sewerage  Board  of  Massachusetts. 
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Hiram  F.  Mills,  C.  E..  Lowell,  Mass.,  Chief  Engineer  of  Water 
Power  at  Lowell  and  Lawrence,  member  State  Board  of 
Health  of  ^lassachusetts,  Consulting  Engineer  ^letropolitan 
Water  and  Sewerage  Board  of  Massachusetts. 

Frederic  P.  Stearns,  C.  E.,  Boston,  —  formerly  Chief  Engineer 
State  Board  of  Health  of  ]\Iassachusetts,  —  Chief  Engineer  Metro- 
politan Water  and  Sewerage  Board,  Consulting  Engineer,  Presi- 
dent  American  Society  of  Civil  Engineers. 

John  T.  Fanning,  Minneapolis,  Minn.,  Consulting  Engineer, 
builder  of  many  water-works  systems. 

Rudolph  Hering,  New  York  City,  Consulting  Engineer  for  a  great 
many  sewerage  and  water  systems,  formerly  member  of  New 
York  Commission  on  Additional  Water  Supply. 

E.  D.  Leavitt,  Jr.,  Cambridge,  Mass.,  Consulting  Mechanical 
Engineer,  designer  of  some  of  the  most  noted  pumping  engines 
ever  built. 

Edwin  Reynolds,  ^Milwaukee,  Wis.,  Consulting  Engineer,  AUis- 
Chalmers  Company,  designer  of  the  Reynolds  Corliss  engine  and 
of  the  type  of  pumping  engine  built  by  the  E.  P.  Allis  Company 
and  the  Allis-Chalmers  Company. 

On  motion  of  Mr.  Charles  W.  Sherman  the  gentlemen  whose 
names  had  lieen  read  were  unanimously  elected  honorary  mem- 
bers by  a  rising  vote. 

On  motion  of  My.  Sherman  the  President  was  requested  to 
appoint  a  committee  of  five  to  nominate  officers  for  the  ensuing 
year.  The  President  later  appointed  Messrs.  Dexter  Brackett,* 
of  Boston;  George  C.  Whipple,  of  New  York;  A.  M.  French,  of 
Holyoke,  Mass.;  Leonard Metcalf,  of  Boston;  and  J.  C'.  Hammond, 
Jr.,  of  Rockville,  Conn.,  as  the  committee. 

The  remainder  of  the  morning  session  was  devoted  to  practical 
experience  papers.  In  presenting  Mr.  George  A.  Stacy,  who 
headed  the  list  of  speakers  on  the  program.  President  Sedgwick  said : 

"  For  a  long  time  I  have  had  the  feeling  that  our  association 
was  a  little  bit  in  danger  of  getting  papers  in  too  large  numl^er 
which  were  scientific  rather  than  immediately  practical;  and  so 
I  asked  the  Secretary,  in  arranging  the  program  for  the  convention, 

*  Mr.  Brackett  having  declined  to  serve  on  account  of  ill-health,  the  President  sub- 
sequently appointed  Mr.  George  A.  Stacy   of  Marlboro,  Mass.,  in  his  stead. 
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to  devote  one  of  the  best  sessions,  and  if  possible  the  whole  of  one 
session,  to  practical  experience  papers  by  members  of  the  associa- 
tion, the  idea  being  that  if  any  member  has  a  particularly  inter- 
esting or  difficult  practical  problem  in  which  he  needs  the  sym- 
pathy and  help  of  his  fellow-members,  or  in  connection  with 
which  he  is  entitled  to  their  congratulations  for  having  succeeded 
in  overcoming  the  difficulty,  he  should  bring  it  forward  so  that 
we  may  all  share  in  it.  The  Secretary  fell  in  with  the  idea  cor- 
dially, and  the  regular  program  for  this  morning  provides  for 
a  series  of  such  experience  papers.  I  am  sure  that  this  feature 
will  prove  of  great  interest  and  value  to  many  members  of  the 
association. 

"  It  should  always  be  a  matter  of  pride  with  this  association  that 
it  brings  forward  papers  of  great  scientific  importance,  and  thus 
shows  the  way  for  progress  in  all  water-works  affairs.  I  think 
the  association  has  reason  to  be  proud  of  the  fact  that  it  has  had, 
from  time  to  time,  read  before  it,  and  published  in  its  Journal, 
so  many  papers  which  have  embodied  scientific  progress.  I 
think  in  this  very  convention  we  are  having  some  of  that  kind, 
and  I  hope  we  shall  have  them  in  all  of  our  meetings;  but  at  the 
same  time  we  want  to  remember  that  this  is  a  practical  associa- 
tion and  that  most  of  the  members  of  it  are  interested  in  the 
difficult  problems  of  daily  administration.  I  hope  the  time  will 
never  come  when  we  shall  fail  to  recognize  that  fact,  and  to  give 
to  those  men  and  to  those  problems  due  prominence.  I  am 
very  glad,  therefore,  that  we  are  to  have  this  morning  a  number 
of  papers  pointing  in  tiiat  direction." 

The  first  paper  was  by  Mr.  George  A.  Stacy,  superintendent 
water  works,  ]Marlboro,  Mass.,  his  subject  being  "  Trouble  with 
a  Check  Valve." 

The  next  paper  was  by  ^Mr.  Samuel  A.  Agnew,  superin- 
tendent Scituate  Water  Works,  North  Scituate,  Mass.,  entitled, 
"  Pumping  without  Attendance."  ^Ir.  Frank  L.  Fuller,  Mr. 
Daniel  N.  Tower,  Mr.  Freeman  C.  Coffin,  and  ]\lr.  Wm.  H.  Thomas 
also  spoke  on  the  use  of  gasoHnc,  gas,  and  kerosene  engines.  ^Ir. 
Sherman  read  a  communication  from  ]\Ir.  K.  H.  Foster  relative 
to  pumping  without  attendance  by  a  centrifugal  pump  driven 
by  a  Pelton  motor,  the  latter  receiving  its  power  from  the  force 
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main.  Mr.  A.  A.  Reimer  gave  an  account  of  the  experience  at 
East  Orange,  N.  J.,  with'  a  centiil'ugal  pump  and  electric  motor 
wliich  are  in  use  at  a  substation  there. 

The  next  subject  taken  up  was  "  Experiences  with  New  Eng- 
land Water  Works  Association  Standard  Specifications  for  Cast- 
iron  Pipe  and  Special  Castings,"  and  the  speakers  were  Mr. 
Charles  W.  Sherman  and  Mr.  A.  A.  Reimer. 

The  report  of  the  committee  on  "  Uniformity  in  the  Direction 
of  Opening  Hydrants  and  Gate-Valves  and  in  the  Size  and  Shape 
of  Hydrant  and  Valve  Nuts  "  was  presented  by  Mr.  Frank  L. 
Fuller,  chairman.  The  .subject  was  discussed  Ijy  .Mr.  M.  F. 
Collins,  Mr.  Freeman  C.  Coffin,  !Mr.  Alex.  Orr,  Mr.  George  A. 
Stacy,  and  ^Ir.  Charles  W.  Sherman  and  ^Ir.  Edmund  ^I.  Blake. 
The  report  was  accepted  as  a  report  of  progress,  and  the  committee 
was  requested  to  continue  its  work  and  report  finally  at  some 
meeting  during  the  winter. 

At  the  evening  session  two  pajiers,  each  illustrated  by  stere- 
opticon  views,  were  read.  The  first,  liy  ^Ir.  H.  W.  Spooner, 
engineer  Water  Departm.ent,  Gloucester,  Mass.,  was  a  description 
of  the  "  Construction  of  a  Subaqueous  Tunnel  at  Gloucester"; 
and  the  second,  by  Mr.  George  H.  Snell,  water  commissioner  and 
superintendent  water  works,  Attleborough,  Mass.,  a  description 
of"  The  New  Reinforced  Concrete  Standpipe  at  Attleborough." 
Mr.  Frank  A.  Barbour,  of  Boston,  and  Mr.  L.  C.  Wason,  president 
of  the  Aberthaw  Construction  Company,  Boston,  also  spoke  con- 
cerning the  Attleborough  standpipe. 

Friday.  September  14,  1906. 

The  convention  m.et   for  its  final  session  on  Friday  evening. 

President  Sedgwick  read  a  paper,  submitted  by  Mr.  F.  F.  Forbes, 
superintendent  water  works,  Brookline,  Mass.,  entitled  "  Ex- 
periences in  Introducing  Compulsory  Meterage,  and  Results  Ob- 
tained by  Metering  All  Supplies  in  the  Town  of  Brookline.  Mass." 

The  Commiittee  on  :\leter  Rates,  through  its  chairman.  Mr. 
Freeman  C.  Coffin,  presented  a  progress  report. 

Mr.  Joseph  E.  Reals,  superintendent  water  works,  ^liddleboro, 
Mass.,  read  an  experience  paper  entitled,  "  Homespun  Device  for 
Raising  Pipe  in  the  Trench."' 
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Prof.  Adolph  Black,  of  Columbia  Universit}  ,  New  York,  was 
elected  a  non-resident  member. 

A  ]xiper  by  Mr.  (ieorge  C.  Whipple,  New  York  City,  on  "  The 
Cleveland  Typhoid  Fever  Epidemic  of  1903-4,"  was  read  by  title, 
the  discussions,  if  any.  to  be  printed  after  the  publication  of  the 
paper  in  the  Journal. 

The  President  read  the  following  letter,  and  announced  that 
the  editor  would  see  that  such  portions  of  the  various  proceedings 
of  the  association  as  are  available  would  be  forwarded  to  ]\Ir. 
Simin: 

N.  P.  SiMiN,  C.  E., 
President  of  the  Permanent  Bureau  of  Russian  Water  Works  Association. 

Russia,   Moscow,   Razgulay,   3. 

The  12-25  June,  1906. 

Mr.  A\'iLLiAM  T.  Sedgwick,  President  of  the  New  England   Water  Works 
Association,  Boston,  Mass. 

Dear  Sir,  —  Since  1893  we  have  had  seven  meetings  of  the  Russian  Water 
Works  Association;  their  proceedings  are  printed  m  seven  volumes.  More- 
o\'er,  our  congresses  have  worked  out  a  standard  for  cast-iron  pipes  and 
connection  details,  which  are  set  forth  in  tables  and  drawings. 

I  address  myself  to  you  with  a  proposal  to  exchange  publications  and 
reports  of  the  Americaii  and  Russian  associations. 

At  the  same  time  I  am  addressing  a  similar  proposal  to  the  German,  English 
and  French  associations,  and  I  hope  that  my  proposal  of  a  relation  of  national 
associations  will  be  welcomed. 

If  you  consent  to  it,  please  give  me  an  answer;  I  will  then  send  all  the 
printed  matter  of  the  Russian  Association  to  the  headquarters  of  the  New 
England  Association. 

Yoiu-s  very  truly, 

N.    P.    SiMIN, 

President  of  the  Permanent  Bureau. 
T.  Halturine,  Secretary. 

The  President  announced  that  an  invitation  had  been  received 
to  hold  the  next  annual  convention  of  the  association  at  Norfolk, 
Va. 

After  calling  Vice-President  John  C.  Chase  to  the  chair, 
President  Sedgwick  then  spoke  on  the  "  Protection  of  Water 
Supplies  from  Pollution  during  the  Construction.  ^Maintenance, 
and  Operation  of  Railroads;  with  Sjiecial  Reference  to  the  Water 
Supply  of  Seattle,  Wash." 
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Mr.  H.  L.  Weston,  ('oniiiiittcc  on  Exhil)its,  presented  the 
following  report. 

Report  of  Committee  on  Exhibits. 

As  chairman  of  the  Coninnttee  on  Exhil)its  at  the  New  England 
Water  Works  Association  Convention  at  Fabyans,  I  desire  to 
report  that  the  following  associate  members  made  exhibits  at 
the  convention. 

Amburseu  Hydraulic  Constniction  Company     .    .   Concrete  dams. 

Anderson  Coupling  Company Brass  goods. 

Ashton  Vah'e  Company Valves  and  gages. 

Coffin  Valve  Company Valves  and  hydrants. 

Fairbanks  Company Gates  and  hydrants. 

Garlock  Packing  Company Packings. 

Hart  Packing  Company Packings. 

Hersey  Mfg.  Company Meters. 

Jenkins  Brothers Valves  and  packings. 

Lead  Lined  Iron  Pipe  Company Lead  lined  pipe. 

H.  Mueller  Mfg.  Company Brass  goods. 

National  Meter  Company Meters. 

Neptune  Meter  Company Meters. 

Pitometer  Companj' Pitometers. 

Pittsburg  Meter  Company Meters. 

A.  P.  Smith  Mfg.  Company Tapping   machines,    brass 

goods,  etc. 

Thomson  Meter  Company Meters. 

Union  Water  Meter  Company Meters. 

R.  D.  Wood  &  Company Vahes,       hydrants,     and 

pipe. 
Henry  R.  ^^'orthington Meters. 

The  number  of  exhiljitors  was  not  so  large  as  at  previous  con- 
ventions nor  the  exhibits  so  extensive,  notwithstanding  the  fact 
that  some  little  effort  was  made  to  secure  a  good  exltibition. 
This  was  probably  owing  to  the  fact  that  the  convention  as  a 
whole  was  taken  preminently  as  a  pleasure  outing  and  the  pre- 
vailing idea  among  the  associate  members  seemed  to  be  that 
exhibits  were  of  minor  importance. 

Yours  very  truly, 

H.  L.  Weston. 

Adjourned. 


374  PROCEEDIXGS. 

EXECUTIVE   COMMITTEE. 

On  Steamer  "Philadelphia," 
BosTOx  Harbor,  June  13,  1906. 

Present:  Vice-President  Joseph  M.  Birmingham  and  Frank 
E.  Merrill,  CharlesW.  Sherman,  Robert  J.  Thomas,  L.  M.  Bancroft, 
and  Willard  Kent. 

Mr.  ^lerrill,  member  of  committee  on  June  meeting  and  Septem- 
ber convention  of  the  association,  reported  for  the  committee 
their  action  in  relation  thereto,  recommending  that  the  next 
annual  convention  be  held  at  the  White  ^fountains;  whereupon 
it  was 

Voted:  That  the  annual  convention  of  the  association  be  held 
at  the  White  Mountains,  September  12,  13,  and  14,  1906. 

After  discussion  of  the  question  of  transportation  and  hotel 
accommodations,   it   was 

Voted:  That  ^Ir.  Merrill  be,  and  hereby  is,  empowered  to  make 
all  necessary  arrangements  therefor  and  to  act  as  transportation 
agent  and  conductor  of  the  excursion  in  his  own  behalf. 

Eight  applications  were  received  and  recommended  for  mem- 
bership, viz.: 

Non-Resident  Active :  George  !Morgan  Bacon,  Salt  Lake  City, 
Utah;  S.  J.  Rosamond,  Fort  Smith,  Ark.;  Robert  J.  Harding, 
Hudson,  N.  Y.;  Charles  L.  Fox,  Pittsburg,  Pa.;  A.  W.  Shaw, 
Brandon,  Manitoba,  Canada. 

Resident  Active:  Gardner  T.  Swarts,  M.D.,  Providence,  R.  L; 
Charles  E.  Childs,  Somerville,  ^lass.;  E.  C.  Crosby,  Brattleboro, 
Vt. 

Adjourned. 

Willard  Kent,  Secrctarj/. 

Tremont  Temple,  Boston,  Mass.,  August  24,  1906. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association. 

Present:  F.  W.  Gow,  L.  M.  Bancroft.  George  A.  Stacy,  C.  W. 
Sherman,  Willard  Kent,  F.  E.  ^lerrill,  John  C.  Chase.  \'ice- 
President  Gow  presided. 

Voted:    That  the  Committee  on  Convention  he  authorized  to 
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provide  suitable  entertainment  for  the  ladies  on  one  day  of  the 
convention,  at  the  expense  of  the  association. 

Voted:  That  sessions  of  the  association  be  held  on  mornings 
of  Wednesday  and  Thursday,  and  on  evenings  of  each  day  of 
the  convention,  the  morning  sessions  to  be  subject  to  adjourn- 
ment according  to  weather  conditions. 

Voted:  That  a  "  smoker  "  be  held  on  the  evening  of  arrival, 
Tuesday,  September  11. 

Adjourned. 

Attest :     WiLLARD  Kent,  Secretary. 

F ARYAN  House, 

Fabyans,  N.  H.,  September  12,  1906. 

Present:  President  WilUam  T.  Sedgwick  and  George  A.Stacy, 

John  C.  Chase,  Charles  W.  Sherman,  James  L.  Tighe,  Frederick 

W.  Gow,  Robert  J.  Thomas,  Willard  Kent,  Lewis  M.  Bancroft, 

and  Frank  E.  ^lerrill. 

Thirteen  applications  were  received  and  recommended  for 
membership,  viz.: 

For  Active  Membership:  G.  R.  Coldwell,  Chairman  of  Commit- 
tee ^Municipal  Water  Works  System,  Brandon,  Manitoba,  Canada; 
H.  J.  Fuller,  Chief  Engineer  Tacoma  Water  Supply,  Tacoma, 
Wash.;  Charles  A.  Townsend,  Water  Commissioner,  Rockland, 
Mass.;  Henry  William  Sanderson,  Superintendent  Westfield 
Water  Works,  Westfield,  Mass.;  Freeland  Howe,  Jr.,  Chemist 
and  Bacteriologist,  Norway.  Me.;  George  H.  Shaw,  Filtration 
Engineer  Springfield  Water  Works,  Ludlow,  ^Nlass.;  Charles  A. 
Bogardus,  Superintendent  Chicopee  Water  Department,  Chicopee, 
Mass.;  George  A.  Shackford.  Water  Commissioner,  Reading, 
Mass.;  John  H.  Walsh,  Superintendent  East  Hartford  Fire  District 
Water  Works,  East  Hartford,  Conn.;  Leon  E.  Scruton,  W^ater 
Works  Engineer,  Rochester,  N.  H.;  Adolph  Black,  Professor  of 
Civil  and  Sanitary  Engineering,  Columbia  LTniversity,  N.  Y. 

For  Associate  Memhership:  The  Pitometer  Com]:)any,  310 
Ashland  Block,  Chicago,  111.;  Hudson  Contracting  Company, 
engaged  in  cleaning  water  mains,  27  William  St.,  New  York  City. 

The  following  names  were  recommended  for  honorary  mem- 
bership : 

Joseph  P.  Davis,  Dr.  Henry  P.  Walcott,  Hiram  F.  Mills,  Frederic 
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P.  Stearns,  John  T.  Fanning,  Rudolph  Hering,  E.  D.  Leavitt,  Jr., 
Edwin  Reynolds. 

The  subject  of  annual  convention  for  1907  was  discussed. 
An  invitation  from  Norfolk,  Va.,  was  read;  its  acceptance,  for 
various  reasons,  was  not  deemed  advisable. 

Washington,  D.  C,  was  suggested,  and,  on  motion  of  Mr.  Stacy, 
the  subject  was  referred  to  the  next  meeting  of  the  Executive 
Committee. 

No  further  business  appearing,  meeting  was  adjourned. 

Attest:     WiLLARD  Kent,  Secretary. 


OBITUARY.  377 


OBITUARY. 

William  W.  Burnham  died  of  typhoid  fever,  in  Wilmington, 
N.  C,  on  August  10,  1906. 

Mr.  Burnham  was  thirty-one  years  of  age.  He  went  from 
Biddeford,  Me.,  in  1905,  to  act  as  engineer  for  the  Carolina  Truck- 
ing and  Development  Company,  at  Wilmington.  He  leaves 
a  wife. 

He  was  elected  a  member  of  the  New  England  Water  Works 
Association  on  September  13,  1905. 
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T/tis  Association,  as  a  body,  i 

'.■>■  not  7-espoiisibIe  for  the.  statements  or  opinions  of  any  of  its 
membei-s. 

PUMPING  WITHOUT  AN  AIR  CHAMBER. 

BY  GKORGE  A.  STACY.  SUPKRINTENUEXT  WATER  WORKS,  MARLBORO, 


ERRATA. 


On  page  352  of  the  Journal  for  September,  1906.  nine  lines 
from  bottom  of  page,  for  "  Fort  Fairfield  "  read  '^  Fryeburg." 

On  the  same  page  (352),  seven  lines  from  bottom,  for  "  an  adjoin- 
ins  town."  read  "  Portland,  about  50  miles  distant." 


t lie  pump  was  working  through  1  500  feet  of  force  main  directty 
up  to  the  reservoir,  and  I  did  not  know  but  it  was  possible  that 
we  could  remove  the  air  chamber  and  never  notice  the  difference. 
I  had  no  occasion  to  try  the  experiment,  however,  until  a  few 
months  ago,  when  word  came  from  the  pumping  station  that  when 
they  shut  down  and  released  the  water  from  the  pumps,  through 
what  we  call  the  starting  valve,  the  pressure  was  not  reduced, 
and  the  water  kept  coming  as  evidence  that  there  was  something 
the  matter  with  the  check  in  the  force  main.  On  investigation, 
I  found  that  one  of  the  valves  had  broken.     It  was  a  three-ported 
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Some  few  years  ago  I  was  standing  in  our  pumping  station 
near  a  compound  duplex  condensing  pumping  engine  of  about 
three  million  capacity,  with  a  friend  of  mine,  who  had  had  large 
experience  in  the  designing  and  the  management  of  pumping 
engines.  Noticing  the  generous  proportions  of  the  air  chamber 
on  this  particular  pump,  he  made  the  remark  that  he  believed  that 
under  the  conditions  under  which  that  engine  was  working,  the 
air  chamber  was  not  necessary,  and  Avas,  in  fact,  practically 
worthless  as  regards  any  efficiency  or  smoothness  of  working  of 
the  pump.  I  paid  no  particular  attention  to  it  at  the  time, 
although  it  struck  me  .as  possible  that  it  might  be  so.  as  we  had 
begun  at  that  time  to  do  away  with  air  chambers  on  boiler  feed 
pumps,  the  boiler  itself  acting  as  the  air  chamber.  In  this  case 
the  pump  was  working  through  1  500  feet  of  force  main  directly 
up  to  the  reservoir,  and  I  did  not  know  but  it  was  possible  that 
we  could  remove  the  air  chamber  and  never  notice  the  difference. 

I  had  no  occasion  to  try  the  experiment,  however,  until  a  few 
months  ago,  when  Avord  came  from  the  pumping  station  that  when 
they  shut  down  and  released  the  water  from  the  pumps,  through 
what  we  call  the  starting  valve,  the  pressure  was  not  reduced, 
and  the  water  kept  coming  as  evidence  that  there  was  something 
the  matter  with  the  check  in  the  force  main.  On  investigation, 
I  found  that  one  of  the  valves  had  broken.     It  was  a  three-ported 
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valve,  built  about  twenty-three  years  ago.  and  the  closing  mechan- 
ism of  the  valves  or  ports  was  made  of  leather,  —  a  type  which 
you  are  probably  all  familiar  with.  To-day  check  valves  of  small 
size  are  sometimes  made  that  same  Avay.  That  is.  the  leather 
constitutes  the  covering  for  the  valve-seat,  being  riveted  to  plates 
of  iron  to  give  stiffness,  the  joint  or  hinge  being  made  by  the 
leather  between  the  plates;  one  which  covers  the  opening  and 
the  other  which  is  bolted  to  the  body  of  the  valve.  The  continual 
working  of  the  valve  for  years  weakening  the  leather,  the  one  cov- 
ering the  middle  port  broke  and  dropped  down.  Not  having 
leather  I  considered  suitable  to  renew  it  with,  we  put  the  bonnet 
on  the  valve  until  such  time  as  we  could  get  it  from  the  manu- 
facturer of  the  A'alve.  and  went  ahead  with  the  pump  without 
the  check.  Of  course,  the  first  day  we  had  the  air  chamber 
charged  as  much  as  usual.  In  starting  u))  the  nexi  morning.  I 
told  the  engineer  to  go  ahead  witli  the  pumj)  all  charged  and  the 
j)i'essure  on  it.  and  if  it  didn't  start  up  all  I'ight.  to  send  for  me. 
I  will  say.  by  the  way.  that  1  am  responsible  for  the  pumping 
engines  cjn  our  works  and  all  the  mechanical  details,  and  when 
anything  goes  wrong,  I  am  supposed  to  be  the  doctor.  The  pump 
started  all  right  with  a  full  reservoir  head  on  it,  but  in  the  after- 
noon of  the  second  day  I  was  called  up  and  told  that  the  pump 
wasn't  working  first  rate.  I  went  up  to  the  pumping  .station  and 
I  found  that  at  the  end  of  the  stroke  there  was  a  considerable  jar. 
The  pump  had  always  worked  very  smoothly;  as  we  say,  it  turned 
the  corners  quietly,  but  now  you  could  see  a  marked  change  in 
tlie  I'unning.  It  was  nothing  A-ery  injurious,  but  it  was  rather 
annoying  to  an  engineer;  the  noise  was  like  discord  to  a  musician. 
"S'ou  would  notice,  as  soon  as  you  came  within  hearing  of  the  pump, 
that  (here  was  something  a  little  out  of  the  usual,  but.  as  I  say, 
it  was  nothing  dangerous,  only  it  was  unpleasant. 

The  next  morning  I  went  u])  to  see  if  everything  was  running 
])roperly.  The  puni])  had  started  up  all  right  again,  but  there 
was  still  this  hammer  at  the  end  of  the  stroke.  Across  the  street 
fioni  the  pumping  station  are  one  or  two  houses,  and  the  ])rincipal 
of  one  of  our  schools  lives  in  one  of  them.  His  wife  came  over 
and  said  she  Avished  I  would  come  oxer  to  the  house  and  see  if  I 
could  tell  her  what  was  the  matter  with  the  water  pipe.     8he  said 
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she  had  liad  a  plumber  there  the  afternoon  before,  and  al)out  the 
tune  he  went  away  the  noise  stopped,  but  that  morning  it  was 
as  bad  as  ever,  so  she  was  afraid  perhai)s  he  di(hi't  understand  his 
l)usiness  and  she  wanted  me  to  come  over.  1  went  over  and  the 
sound  that  I  heard  was  what  is  famihar  to  most  of  us  when  the 
ball  cocdv  in  a  tank  gets  to  vibrating,  a.s  it  will  sometimes  under 
certain  conditions,  and  we  get  th;it  chug.  chug,  chug,  all  over 
the  house.  Of  course  when  that  is  kept  up  incessantly  all  day 
long  it  would  be  rather  annoying  to  a  lady,  or  even  to  a  man  with 
sti'ong  nerves. 

In  my  great  wisdom  I  said  at  once,  "  Oil,  I  will  fix  that  for  you 
very  quickly."  I  went  to  the  water-closet  tank,  but  I  found 
everything  quiet  there,  no  vibration  whatever.  I  asked  where 
the  tank  for  the  hot  water  was,  and  she  told  me  it  was  up  in  the 
attic,  so  we  got  a  ladder  and  I  crawled  up  through  the  scuttle- 
hole  and  brushed  away  the  col)weI)s  and  thought  surely  I  would 
locate  the  trouble  there,  but  to  my  surprise  I  could  find  nothing, 
and  still  this  noise  Avas  going  on.  1  thought  less  of  my  own  wis- 
dom at  that  time  than  I  did  when  I  started  in.  On  coming  down 
stairs  I  said,  "  How  long  has  this  been  going  on?  "  She  replied, 
"  It  commenced  yesterday,  and  I  sent  for  the  plumber  and  he 
came  and  worked  all  the  afternoon  and  al)out  the  time  he  was 
going  away  the  noise  stopped,  and  he  said  he  guessed  it  would  be 
all  right."  I  asked  what  time  he  went  aAvay,  and  she  said  about 
five  o'clock.  (That  was  about  the  time  we  stopped  the  pump.) 
I  said,  "  Did  it  do  this  all  night?  "  She  said,  "  No;  we  didn't 
hear  anything  until  this  morning,  when  it  commenced  again. 
When  we  open  the  faucet  we  don't  hear  it."  I  went  and  opened 
the  faucet  and  let  a  .stream  run  about  as  big  as  my  little  finger, 
and  the  noise  ceased;  but  when  I  closed  the  tap  again,  it  would 
start  up  as  before.  I  looked  all  ai'ound  to  see  if  I  could  find  any- 
thing in  the  plumbing  which  would  lead  me  to  suspect  a  cause 
for  that.  Of  course  it  flashed  into  my  mind  that  the  pulsations 
of  our,  pump,  in  the  absence  of  the  air  chamber,  had  given  a  new 
action  to  the  water  in  the  force  main  that  it  hadn't  possessed 
before;  but  why  it  should  set  up  a  vibration  in  the  service  pipe  to 
this  house  and  not  affect  the  sei-vice  pipe  to  the  next  house,  I 
didn't    know.     The   service   was   metered,    and   the   ladv   rather 
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objected  to  letting  the  water  run,  but  1  wanted  a  little  time  to 
consider  the  matter,  and  I  said,  "  You  let  the  water  run  a  little, 
and  I  will  make  it  all  right  on  the  meter  question,  and  if  it  con- 
tinues to  make  a  noise,  let  the  water  run  more,  and  I  think  we  will 
solve  the  trouble  to-morrow,  and  you  won't  have  any  more 
difficulty." 

On  my  way  to  the  engine  house  I  was  thinking  how  I  was 
going  to  remedy  the  trouble.  It  was  simple  enough.  All  we 
had  to  do  was  to  shut  the  main  gate  on  the  force  main,  using  the 
starting  valve  to  discharge  the  water  and  relieve  the  pressure 
from  the  pump,  and  then  in  the  morning  use  the  charging  valves 
to  charge  the  pump  the  same  as  usual,  and  after  getting  the  pres- 
sure equalized,  gradually  open  the  valve  on  the  main  and  go 
ahead.  We  then  had  air  enough  in  the  'air  chamber  to  run  part 
of  two  days  before  the  water  absorbed  the  air. 

It  came  to  me  that  an  air  chamber  even  under  those  conditions 
was  of  some  use,  and  that  if  a  man  was  offering  me  an  engine 
and  saying  he  would  guarantee  it  to  work  all  right  without  an 
air  chamber,  I  should  take  exception  to  it. 

We  never  had  any  trouble  after  that,  but  it  is  a  mystery  in  m}' 
mind  yet  what  caused  the  water  hammer  in  that  particular  serv- 
ice and  not  in  the  adjoining  one,  when  the  services  were  exactly 
alike,  except  that  this  one  was  perhaps  sixty  feet  longer.  This 
incident  brought  to  my  mind  that  while  theory  is  an  excellent 
thing,  practical  experience  is  oftentimes  a  good  deal  better. 
And  while  this  was  not  destructive,  and  wouldn't  have  prevented 
the  continued  action  of  the  pump,  it  did  prove  to  me  that  an  air 
chamber  is  worth  all  it  costs  in  preventing  such  conditions,  even 
if  they  were  not  half  as  severe  as  these  were. 

This  may  seem  to  be  a  very  simple  matter,  but  it  impressed  itself 
on  my  mind  as  one  of  the  little  things  which  go  to  make  up  our 
life  and  bother  us  a  good  deal  sometimes,  and  if  we  have  the  prob- 
lem already  solved,  we  haven't  got  to  go  and  hunt  up  the  solution 
of  it. 

DISCUSSIOX. 

A  Member.     What  kind  of  a  pump  was  that? 

Mr.  Stacy.  A  Blake,  just  like  all  the  tandem  compound  duplex 
condensing  pumping  engines,  built  about  twenty-three  years  ago, 
of  the  old  Worthington  type. 
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Mii.  Frank  Tj.  Fuller.  T  didirt  exactly  understand,  Mr. 
v^tucy,  whether  the  air  had  been  exhausted  from  the  air  chamber 
and  after  it  was  rephiced  there  was  no  further  trouble. 

Mr.  Stacy.  I  think  very  likely  I  didn't  make  myself  plain  on 
that  point.  On  working  the  pump  for  the  first  day,  you  could 
see  the  water  gradually  creep  up  in  the  glass  until  the  air  was  out 
of  sight.  Of  course  there  was  still  some  left,  but  the  time  came 
when  the  water  absorbed  all  the  air  there  was  in  the  chamber,  and 
we  got  a  solid  column  of  water,  when,  of  course,  the  action  of  the 
air  chamber  was  nothing,  and  at  that  time  came  the  hard  action  on 
the  pump  and  the  water  hammer  in  the  house. 

Mr.  Fuller.  I  have  had  that  same  trouble  in  m>'  own  house 
at  Wellesley.  I  think  my  house  must  be  nearly  two  miles  from 
the  pumping  station,  and  what  seems  rather  to  conflict  with  IMr. 
Stacy's  statement  or  theory  is  that  we  have  had  that  trouble  early 
in  the  morning  before  the  pump  would  be  started.  I  have  gener- 
ally, by  opening  a  faucet  at  the  end  of  a  long  pipe  in  the  cellar, 
cured  the  trouble  for  a  while,  and  then  perhaps  in  a  month  or  two 
we  would  have  it  again.  I  had  rather  concluded  it  was  due  to  an 
accumulation  of  air  in  the  pipes  in  the  house,  but  I  never  was 
certain  of  that,  because  on  opening  the  faucet  I  never  noticed 
any  especial  discharge  of  air.  That  word  "  chug  ",  expresses  it 
exactly. 

Mr.  Stacy.  In  I'elation  to  that,  Mr.  President,  there  is  another 
little  experience  I  had  in  this  way.  A  man  I  have  been  ac- 
quainted with  for  many  years  said  to  me,  "  George,  you  say  that 
a  meter  can't  run  unless  water  goes  through  it?  "  "  Well,"  I 
said,  "  water  or  air  or  something  of  that  kind;  it  doesn't  run  of 
its  own  volition."  He  owned  considerable  real  estate  and  had  a 
number  of  meters,  and  he  said,  "  I  have  a  meter  which  runs  when 
there  isn't  any  water  or  anything  else  running  through  it."  I 
said,  ''  I  can't  see  that  meter  any  too  soon."  So  he  said,  "  1  will 
drive  you  up  soon."  It  was  just  on  the  outskirts  of  the  city, 
perhaps  half  a  mile  from  city  hall.  I  said,  "  Don't  forget, 
because  that  is  the  biggest  wonder  I  know  of."  He  says,  "  I 
know  what  you  believe,  but  that  is  the  fact,  and  I  will  show 
it  to  you."  I  said,  "  All  right."  So  it  went  along,  and  every 
afternoon  or  every  time  I  met  him  1  said,  "  I  want  to  see  that 
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meter,  but  I  don't  want  to  go  without  you;  I  wouldn't  miss 
seeing  that  meter  for  anything."  He  couldn't  go  then  and 
it  went  for  almost  a  week,  when  he  met  me  and  said,  "  George 
you  needn't  go."  1  said,  "  Why?  "  "  Well,"  he  says,  "  I 
have  discovered  what  the  trouble  was.  "i'ou  said  that  no 
meter  would  lun  if  we  wa'n't  drawing  water,  but  we  wa'n't 
drawing  water  at  that  place."  The  fact  was  that  there  was  a 
long  pipe  which  led  out  to  the  stable;  the  meter  was  in  the  base- 
ment of  the  hotel,  and  after  shutting  the  faucet  in  the  stable  one 
chiy,  he  went  and  looked  at  his  meter,  and  he  saw  the  hand  mo^Tng 
and  it  kept  moving  a  little  bit  for  some  time.  He  rushed  upstairs 
and  couldn't  find  anyljody  drawing  water,  and  he  came  back  and 
the  hand  was  still  moving,  and  at  last  somel^ody  opened  and 
closed  a  faucet  and  it  then  stopped.  He  went  and  tried  it  again 
and  it  did  the  same  thing,  so  he  thought  he  had  one  of  those 
wonderful  things,  a  meter  running  with  no  water  passing  through 
it.  The  explanation  was  that  way  up  in  the  attic,  out  of  sight 
and  hearing,  except  for  what  noise  came  through  the  piping  sys- 
tem, there  was  a  tank  which  supplied  the  hot -water  system,  with 
the  usual  ball  cock  attached,  and  the  pipe  running  to  the  barn 
was  long  enough  so  that  the  water  hammer  on  closing  the  faucet 
would  counterbalance  the  ball  on  the  lever;  this  water  hammer 
and  the  reaction  would  cause  the  ball  to  vibrate,  and  a  small 
amount  of  water  Avould  escape  at  each  vil^ration,  which  was 
recorded  by  the  meter.  As  he  knew  that  noboch'  was  drawing 
water  in  the  house,  he  was  thoroughly  convinced  he  had  found  a 
meter  which  was  actually  going  witliout  any  water  passing  through 
it.  I  only  wish  I  had  gone  up  there  myself  before  he  discovered 
it,  and  then  I  would  have  had  the  glory  of  soh  ing  the  nu'stery. 
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THE  NEW  WATER  SUPPLY  OF  THE  CITY  OF  BROCKTON. 

I5Y    CHARLES     U.     FELTOX,    CITY     EiV(;iNEER,     BKCX'KTOX,     MASS. 
[Rend  November   h',,   1906.] 

Brockton  is  ;i  city  of  aljoiit  50  ()()()  inh;il)itants,  chiefly  engaged 
in  the  manufacture  of  shoes.  Prior  to  1 903,  water  was  taken  from 
an  artificial  reservoir  having  an  area  of  about  ninety  acres  and  a 
watershed  of  3j  scpare  miles,  and  situated  in  the  town  of  Avon. 
This  water,  while  not  unhealthful,  was  very  highly  colored,  in 
some  years  averaging  over  .80,  and  in  the  lowest  year  never  running 
below  .48.  The  poor  quality  of  the  water,  however,  was  not  the 
prinuu-y  cause  for  seeking  a  new  supply. 

The  lowering  of  the  reservoir  to  a  depth  of  about  seven  feet 
I)elow  the  rollway  during  the  year  1899  led  to  the  serious  con- 
sideration of  a  new  water  supply,  which  had  already  received 
attention  from  ^Ir.  F.  Herbert  Snow,  formerly  city  engineer,  and 
Mr.  Horace  Kingman,  the  su])erintendent  of  water  works,  who  had 
made  an  excellent  report.  As  the  estimated  quantity  procurable 
from  this  source  in  a  dry  year  was  only  1  500  000  gallons  ]3er  day, 
and  our  present  average  use  of  water  is  nearly  2  000  000  gallons, 
it  is  obvious  that  we  moved  none  too  quickly  in  the  matter. 

At  this  time  the  writer  Avas  asked  to  report  all  possible  sources 
of  supply  to  some  expert  to  be  selected  by  himself,  and  accordingly 
all  available  information  was  submitted  to  ^Tr.  Desmond  Fitz- 
Gerald,  of  this  society,  and  out  of  a  large  numl^er  of  more  or  less 
desirable  projects  he  reported  most  unciualifiedly  in  favor  of  Silver 
Lake.  Even  after  this  opinion  was  rendered,  it  was  over  a  year 
before  we  were  ahle  to  get  the  money  appropriated  to  start  on  the 
work,  the  interim  having  been  used  in  the  discussion  of  the  various 
schemes  b}'  the  city  government,  where,  curiously  enough,  a  num's 
judgment  on  the  question  of  water  supply  seemed  to  be  quite 
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largely  influenced  by  his  party  affiliation.^,  —  almost  all  the 
Republicans  seeming  to  believe  that  Silver  Lake  was  the  best 
place  to  go,  and  the  Democrats  seeming  equally  unanimous  in  the 
opinion  that  while  there -might  be  several  other  reliable  sources, 
Silver  Lake  was  certainly  out  of  the  question.  Having  finally 
completed  the  work,  however,  every  one,  even  its  bitterest  oppo- 
nents, seems  to  be  well  pleased,  and  at  least  two  of  them  now  point 
proudly  to  their  names  on  the  bronze  tablet  at  the  pumping  station 
commemorating  their  achievements  'as  members  of  the  City 
Council. 

The  selection  of  tliis  soui'ce,  however,  on  account  of  its  limited 
watershed,  was  to  a  certain  extent  dependent  on  the  amount 
of  water  which  was  deemed  requisite  for  a  future  supply,  and  to 
justify  my  somewhat  radical  conclusions  as  to  the  proper  amount 
of  water  for  a  city  to  use,  I  am  giving  the  following  table,  showing 
the  consumption  of  water  in  Brockton  for  the  last  fourteen  years. 

TABLE  Xo.   1.     Water  Coxsumptiox  in   Brocktox  since   1892. 

Water  mains  in  1892  =  4.3.74  miles;   in  1905  =  97. .366  miles. 


Year. 

Population. 

Total 
Consumption 
(million  gals.). 

Daily  Con- 
sumption in 
gals,  per  capita. 

Domesti 
gals,  per 

■73 

c  use  in 
capita. 

s 

Manufacturing 
(gals,  per 
capita). 

Street  Sprink- 
ling (gals,  per 
capita). 

Fountains 
(gals,  r'er 
capita) . 

m 

o  MC 
C  t.  « 
P.2 

1892 

29  643 

271.6 

25.0 

1898 

30  817 

2()4.4 

23.5 

1894 

31  993 

323.2 

27.7 

6.7 

3.8 

189.') 

33  16.5 

399.  () 

33.0 

7.3 

3.2 

2.4 

1.8 

1.5 

16.8 

189G 

34  544 

403.8 

32.0 

9.2 

3.3 

3.2 

2.2 

1.4 

12.7 

1897 

.35  923 

386.4 

29.5 

8.5 

2.6 

4.0 

2.8 

1.4 

10.2 

1898 

37  302 

369.3 

27.1 

10.3 

2.8 

2.7 

2.2 

1.3 

7.8 

1899 

38  681 

414.7 

29.4 

11.0 

2.7 

3.6 

2.6 

1.3 

8.2 

1900 

40  063 

429.0 

29.3 

10.9 

2.5 

4.0 

2.5 

1.3 

8.1 

1901 

41  610 

447.5 

29.4 

11.5 

2.1 

4.0 

2.4 

1.4 

8.0 

1902 

43  159 

506.8 

32.2 

12.8 

1.4 

4.2 

2.2 

1.6 

10.0 

1903 

44  704 

537.8 

33.0 

13.5 

1.4 

4.9 

2.1 

1.6 

9.5 

1904 

46  248 

591.3 

35.0 

13.4 

1.5 

4.8 

2.1 

1.5 

11.6 

1905 

47  792 

621.4 

35.6 

15.3 

1.6 

5.1 

2.3 

1.7t 

9.6 

*  Includes  all  uss  for  flushiiiK  water  and  sower  pipes,  fires,  and  slip 
t  16  fountains. 
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The  somewhat  rapid  increase  during  the  past  year  or  two  has 
been  partially  accounted  for,  and  the  consumption  is  now  below 
35  gallons  per  capita. 

The  rate  of  consumption  per  capita  which  it  was  assumed  in 
1901  would  be  used  was  as  follows: 

1905 35  jialloiis. 

1910 37 

1915 39 

1920 41 

1925 43 

1930 45 

or,  in  other  words,  it  was  assumed  that  we  should  never  use  over 
45  gallons  per  capita. 

While  it  may  seem  to  many  of  you  who  have  large  per  capita 
consumptions  improbable  that  we  shall  be  able  to  keep  our  con- 
sumption down  to  these  figures,  I  would  say  that  for  the  last 
five  years  we  have  been  able  at  the  heginning  of  the  year  to  pre- 
dict our  consumption  usually  within  one  per  cent,  of  the  actual 
use,  and  always  within  five  per  cent.  This,  however,  may  have 
been  and  probably  was  due  as  much  to  good  luck  as  good  judgment. 
A  monthly  estimate  of  the  Avater  consumption  for  the  year  is  made 
by  the  city  engineer,  based  on  the  probable  increase  in  population 
and  legitimate  use,  and  handed  to  the  superintendent  of  water 
works;  and  any  increase  over  this  prediction  is  never  considered 
as  a  legitimate  increase  in  the  consumption  unless  borne  out  by 
the  meters  or  other  reasonable  cause,  and  an  explanation  is 
immediately  sought  by  the  superintendent,  who  last  year  found  a 
leak  amounting  to  over  200  000  gallons  per  day  by  examining  the 
pipes  under  the  bridges. 

It  is  noteworthy  that  we  have  only  one  period  of  high  con- 
sumption, namely,  in  the  summer,  whereas  unmet ered  supplies 
commonly  have  a  high  period  during  the  winter  months. 

The  ratio  of  each  month  to  the  average  monthly  coi^sumption 
as  now  used  in  these  estimates  is  as  follows: 

Jan.  Feb.  March     April    May   .June  Jvil\-   Aug.  Sept.  Oct.   Nov.      Dec. 
.95      .90        .91  .87     -l.OS     1.12    I.IS    1.13     1.05    .98      .88        .95 
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In  view  of  our  past  experience,  we  did  not  figure  on  the  neces- 
sity for  such  a  large  consumption  of  water  as  is  usually  considered 
advisal)le,  believing  that  the  provision  of  such  extended  works 
as  would  be  required  to  furnish  these  large  amounts  of  water 
would  be  unwise  and  unwarranted  in  our  particular  case. 

Silver  Lake  is  distant  from  l^rockton  City  Hall,  in  a  straight 
line,  11^  miles,  and  is  situated  in  four  different  towns,  viz., 
Halifax,  Pembroke,  Ph'mpton,  and  Kingston.  It  is  644  acres  in 
area,  and  has  a  maximum  depth  of  72  feet;  its  elevation  above 
city  base  is  50  feet,  and  its  total  watershed,  including  water  sur- 
face, is  4.4  square  miles.  Its  shores  are  sandy,  and  soundings 
show  no  mud  of  any  consequence  within  25  feet  of  the  surface. 
The  total  population  on  the  watershed  in  1807  was  50.  or  18  to 
t  he  square  mile. 

The  area  and  storage  capacity  of  the  lake  for  each  successive 
five  feet  is  as  follows: 

Storage  Capacity  in 
Depth.  Area.  ,  Million  Gallons. 

At  liiiih  walLT 044  acres. 


;1  feet  licliiw  hisiii  \vate>r o.jS 

10  „     ,,   ,,         ,,    414 

1.5 372 

20  .,    .,    „    „    887 

25  ,,    ,,    „    , 2S6 

30  „    „    „    „    238 

40  „    „    „    „    120 

•^0  „    „    „    „   64 

(U)  „    ,,    „    „   21 

70  .,    „    „    , 2 


5  371 

4  370 

3  563 

2  902 

2  312 

1  801 

1  353 

606 

198 

37 


On  account  of  its  immense  storage  capacity,  in  proportion  to  its 
watershed,  it  is  obvious  that  the    date  at  which  we   reach  the 
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amount  of  fonsumption  wliich  the  watershed  would  supply  con- 
tinuously is  not  the  date  nor  the  consumption  which  the  lake  is 
capable  of  supplying,  in  figuring  the  date  when  more  water  will 


Gallons 
Z^21756 

Z32i.M6 
Z3IW  ^ 

i(K-;ooo  I 

WhhTL  1 
3333.6W  p 

mM  I 

3.iH5T2  i 

4.111,803 
1189.208 

«400f 
5425.000 


CO      ^~     -^^     r>) 


reft  bfiow  HIjh  Wart?r. 

Fig.    1. 


be  required.  Assuming  that  the  next  ciiuirter  of  a  century  will 
have  the  same  rainfall  as  the  twenty-five  years  just  passed,  and 
basing  our  collection  on  the  Sudbury  River  records,  the  above 
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diagram,  Fig.  1,  shows  that  the  hike  would  furnish  us  until  the 
combined  consumption  of  Brockton  and  Whitman  is  over  5  000  000 
gallons  per  day,  without  drawing  the  water  down  over  16  feet,  or  till 
about  1930.  The  length  of  this  period  warrants  the  assumption 
that  the  next  similar  one  will  not  be  materially  different,  although 
the  sequence  of  dry  seasons  may  be  materially  changed.  It  will  be 
noted  in  this  particular  case  that  if  it  were  to  be  assumed  that  a 
watershed  were  good  only  till  that  time  at  which  it  ceased  to  fill 
every  year,  the  limit  of  capacit}'  would  be  reached  in  six  years, 
while  under  our  estimated  probable  conditions  of  increase  we 
could  go  eighteen  years  without  ever  drawing  the  water  down 
to  a  point  where  it  would  not  rise  within  two  feet  of  high  water 
ever}'  year. 

While  it  is  estimated  that  the  lake  will  furnish  a  supply  for 
nearly  twenty  years,  and  never  fail  to  fill  to  within  two  feet,  or 
until  the  daily  consumption  is  about  4  200  000  gallons,  which 
is  the  amount  that  this  storage  would  supply  continuously, 
it  w^ould  necessitate  the  drawing  down  of  the  water  nearly  20 
feet,  and  under  the  assumed  conditions  there  would  be  many  years 
when  the  lake  would  not  fill.  A  draught  of  3  500  000  gallon^  per 
day  under  the  above  assumptions  would  result  as  shown  by  the 
following  diagram.  Fig.  2,  and  during  the  predicted  dry  spell  it 
would  perhaps  be  best  to  use  some  water  from  the  old  supply,  to 
make  sure  of  the  lake  filling.  While  it  might  be  somewhat  op- 
t  imistic  to  figure  that  this  would  occur  exactly  as  figured,  provided 
no  other  supply  were  at  hand,  with  our  old  supply  always  ready 
we  feel  that  we  can  risk  our  assumptions  being  practically 
realized. 

While  the  water  of  the  lake  is  practicall}'  colorless  and  tasteless 
at  most  times,  we  have  a  short  period  of  about  three  weeks  when 
there  is  taste  and  odor  although  no  high  color. 

For  the  past  six  months,  regular  weekly,  and  at  times  semi- 
weekly,  chemical  analyses  and  microscopical  examinations  of  the 
Silver  Lake  water  and  of  the  several  inlets  to  the. lake  have  been 
nuide  by  .Mr.  George  E.  Boiling,  our  chemist  and  bacteriologist, 
and  the  following  data  are  supplied  by  him. 

The  data  afforded  by  the  chemical  analyses  have  indicated  an 
al)Solute  freedom  from  pollution  from  any  animal  sources. 
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The  niicroscopical  examinations  lun'e  shown  the  presence  of 
33  genera  at  one  time  or  other  chii-ina;  the  six  months  the  water 
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has  been  examined.  Of  these  33  gefnera^'lS  were  phmts  and  15 
animals.  Melosira  has  been  by  far  the  most  abundant,  reaching 
the  number  of  2  070  standard  units  per  culjie  centimeter  on  March 
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20,  1906.  From  this  number  it  decreased  steadily  until  June, 
when  the  organism  was  present  to  the  number  of  30  to  40  standard 
units  per  cubic  centimeter.  This  diatom  has  invariably  been 
present  in  all  the  samples  taken  from  the  lake,  varying  from  5  to 
2  070  standard  units  per  cubic  centimeter.  At  the  time  of  its 
greatest  abundance,  the  turbidity  of  the  water  was  reported  as 
"  slight  "  and  the  odor  "  faintly  vegetable  "  in  the  cold  and 
"  vegetable  "  in  the  hot  odor  determinations,  while  the  various 
data  of  the  chemical  analyses  showed  no  change  from  the  ordinary. 
No  complaints  whatever  were  received  from  consumers  at  this 
time. 

The  organism  known  as  anabena  appeared  at  the  intake  on 
July  10,  to  the  amount  of  139  standard  units  per  cubic  centimeter, 
having  been  detected  in  very  small  number,s  in  another  part  of 
the  lake  a  few  days  previously.  It  had  increased  to  159  standard 
units  per  cubic  centimeter  ])y  July  23,  and  then  decreased  to  17 
standard  units  by  August  1 ,  and  on  August  6  none  were  found. 
Numerous  complaints  were  received  from  consumers  during  this 
period,  the  process  of  disintegration  undergone  by  the  fragile 
organisms  while  subjected  to  pressure  in  the  force  main  serving 
to  liberate  the  odor  peculiar  to  this  species  of  algie,  so  that  it 
was  readily  appreciable  in  water  drawn  from  the  cold-water 
faucets,  and  greatly  intensified  and  much  more  unpleasant  from 
the  hot-water  faucets. 

The  first  experience  Brockton  had  with  this  troublesome  plant 
was  in  1905,  during  the  first  summer  the  new  supply  was  used. 
At  that  time  some  of  the  dwellers  near  the  lake  asserted  that  the 
growth  occurred  only  once  in  about  every  six  or  eight  years,  but 
its  recurrence  this  summer  would  seem  to  indicate  the  probability 
of  an  annual  visitation  from  the  organism.  At  the  time  of  its 
greatest  abundance  the  odors  reported  on  the  samples  taken  from 
the  lake  were  "  faintly  vegetable  "  in  the  cold  and  "  distinctly 
vegetable,  corn-silk  "  in  the  hot  odor  determination,  but  as  has 
been  indicated  before,  these  odors  were  intensified  during  the 
passage  of  the  water  through  the  pipe  system  to  the  consumer. 

Crustacea  have  invariably -been  present  in  small  numbers  in 
all  of  the  samples  examined. 
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Followine;  is  a  lal)le  sliowiim;  the  average  analyses  of  the  water 
of  Silver  J^ake  foi-  the  past  three  years: 

P.\KTS  IN   100  000. 
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THE    FORCK    M.\IN. 

The  great  length  of  the  force  main,  and  a  difference  of  about 
$100  000  in  the  cost  between  the  various  trade  sizes  of  iron  pipe 
at  about  the  probable  limits  of  reason,  viz. ,  20-inch,  24-incli,  or 
30-inch  pipe,  involved  some  very  interesting  work  which  space  will 
hardly  allow  me  to  enter  upon,  as  the  various  elements  affecting 
the  choice  of  a  size  would  make  a  paper  of  reasonable  length  in 
themselves.  Suffice  it  to  say  that  for  the  ll.j  miles  of  force 
main  a  24-inch  pipe  was  selected,  rather  than  a  20-inch  or  a  30- 
inch,  and  fulfilled  the  conditions  nearly  enough  to  render  it  un- 
necessary to  attempt  a  special  size  between  the  usual  trade  sizes. 

As  a  rule  in  the  streets  the  top  of  the  pipe  was  laid  about  4  feet 
below  the  surface;  over  private  land  about  3^  feet  was  usually' 
sought,  although  we  have  some  stretches  of  considerable  length 
where  the  pipe  is  not  covered  over  18  inches.  One  course  which 
we  adopted,  although  not  usually  followed  in  pipe  laying,  was  the 
filling  of  the  joints  inside  of  the  pipe  with  Portland  cement.  My 
chief  object  in  doing  this  w'as  to  reduce  friction  by  adding  to  the 
interior  smoothness.  I  figured  tluit  a  reduction  of  3  feet  in  the 
friction  head  would  pay  for  the  cost  of  doing  the  work.  A  careful 
friction  test  of  the  pipe  since  that  time  does  not  show  conclusively 
that  the  friction  was  materially  reduced,  as  it  w^as  almost  exactly 
what  is  given  in  Weston's  well-known  tables  for  new  pipe.  This 
pipe  was  from  one  to  three  years  old.  however,  at  the  time  of  the 
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test,   but   other  friction   tables   give   niucli   lower   friction   rates 
than  Weston's. 

In  the  trench  with  the  force  main  was  laid  a  6-wire  lead  cable 
for  the  telephone  service  and  the  Winslow  recording  apparatus. 
This  cable  was  placed  in  a  U-inch  Aviought-iron  pipe,  largely  old 
pipe  secured  from  the  junk  man. 


^njti^g%- 


Fig.  3. 

Scale  of  Plan,  about  5  miles  to  an  inch. 

Air  valves  were  placed  on  the  main  at  all  the  summits,  there 
being  22  on  the  line.  We  decided  not  to  put  in  automatic  air 
valves,  but  to  send  over  the  line  occasionally  and  open  them 
up.  They  consist  simply  of  a  regular  1^-inch  corporation  and 
open-way  valve,  with  a  pipe  running  up  nearly  to  the  surface  of 


I'l.ATK     I. 


Vui.  1.     ForxDAiidX,  Sii,\  KK   Lake   Pi"mimn<;  Station. 


Fig.  2.     Sij.vKK   Lakk   Pi  mpin<;  Siaiion. 
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the  ground  and  a  gate  box  over  the  pipe.  A  recent  opening  of 
all  the  valves  after  three  months'  operation  showed  no  air  in 
any  summit  except  the  one  nearest  the  pump,  where  there  was 
a  very  considerable  amount, taking  about  one  and  one-half  minutes 
to  expel  it  before  we  got  any  water. 

It  may  be  interesting  to  state  that  tlic  pump  has  been  in 
operation  over  a  year,  under  a  pressure  as  high  as  160  pounds, 
and  that  it  has  been  necessary  to  remove  only  one  cracked  pipe; 
no  joint  leaks  have  yet  been  discovered,  one  joint  leak  having 
been  recalked  before  the  pump  was  started. 

LEAKAGE  IN  THE  FORCE  MAIN. 

There  being  but  very  little  published  information  on  the  actual 
leakage  in  water  pipes,  it  'was  decided  to  test  this  leakage  in  the 
force  main. 

As  the  pipe  was  laid  from  Brockton  towards  Silver  Lake,  it 
was  possible  to  turn  the  water  in  as  soon  as  the  work  was  com- 
pleted. A  by-pass  of  1-inch  pipe  with  a  f-inch  disk  meter  was 
placed  on  the  24-inch  main  at  a  24-inch  gate,  and  the  gate  was 
closed  here  and  at  the  end  of  the  construction.  The  total  distance 
was  22  476  feet,  and  the  following  observations  were  taken: 
From  August  31  at  2.15  p.m.  to  September  1  at  7  a.m.,  about  nine 
hours,  the  leakage  Avas  at  the  rate  of  285  gallons  per  day;  from 
September  1  at  7  a.m.  to  September  13  at  12  m.,  about  twelve 
days,  the  leakage  was  at  the  rate  of  277  gallons  per  day;  the 
latter  being  at  the  rate  of  65  gallons  per  day  per  mile  of  24-inch 
pipe  under  an  average  pressure  of  68  pounds.  There  had  then 
been  added  3  334  feet  of  pipe,  making  the  total  length  25  810 
feet.  The  gate  was  opened  and  the  following  results  were  ob- 
served : 

Average  for  first  2\  days,  the  meter  showed  100  gal.  per  day  per  mile. 
,,  ,,  next  succeeding     If  days,  82     ,,       ,,       ,,       „       ,, 
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The  noticeable  decrease  may  have  been  due  to  the  stopping  up  of 
minute  leaks,  or  possibly  to  the  compression  or  expulsion  of  air 
in  the  summits. 


396      THE    X]-n\-    WATER    SUPPLY    OF    THE    CITY    OF    BROCKTON. 

After  tliis  it  became  inconvenient  to  make  further  tests;  but 
desiring  to  get  a  test  on  the  whole  line,'  61  000  feet  in  length, 
in  combination  with  a  friction  test,  after  the  pumps  had  been 
running  about  a  year,  all  gates  leading  from  the  main  were  closed 
and  observations  were  taken  of  the  lowering  of  the  water  in  the 
standpipe.  This  necessitated  closing  about  50  services,  and  about 
50  other  gates,  comprising  sizes  6-inch,  8-inch,  12-inch,  16-inch, 
and  24-inch,  with  one  house  service  open.  This  indicated  a 
leakage  of  285  gallons  per  day  per  mile,  under  an  average  pressure 
of  71  pounds.  While  this  does  not  show  conclusively  that  the 
leakage  in  the  force  main  was  not  less  than  285  gallons  per  day 
per  mile,  it  shows  that  it  was  not  more  than  that. 

A  pipe  wagon,  designed  by  the  superintendent,  j\Ir.  Kingman, 
is  shown  in  the  accompanying  photograph.  This  apparatus  is 
very  quickly  loaded  and  unloaded,  and  allows  a  pipe  to  be  con- 
veniently dropped  at  any  point. 

PUMPING    ENGINE    ECONOMY. 

In  the  selection  of  the  necessary  duty  to  be  specified  for  the 
pump,  the  folloAving  table  was  used,  it  being  an  adaptation  of  a 
table  published  jjy  Mr.  Coggeshall  in  a  former  Journal,*  the 
difference  being  that  a  unit  system  has  been  used  so  that  it  may 
be  applied  to  any  conditions,  the  rate  of  interest  has  been  changed, 
and  a  life  for  the  pump  of  twenty- five  years  has  been  assumed, 
which  makes  the  figures  materially  different  from  those  where 
interest  alone  is  considered.  From  this  table  it  is  obvious  that 
under  our  circumstances  it  was  economical  to  pay  a  large  sum  for 
high  duty,  and  in  our  particular  case  we  offered  a  bonus  of  $350 
per  million  for  duties  above  150  million,  with  a  penalty  of  $500 
for  ever}'  million  IjcIow  150. 

TABLE  No.  2.  —  Axnt-al  Cost  of  Coal  for  Pumpixc.  1  000  OIH)  CJalloxs 
OF  ^^■ATl•:l{  Daily  to  a  Height  of  100  Feet,  with  Coal  at  $5.00  per 
Ton  (2  000  lh.). 

This  table  gives  sums  the  interest  of  which  at  3^  per  cent, 
represents  the  saving  effected  by  pumps  of  superior  economy 
over  an  inferior  one,  assuming  the  life  of  the  engine  at  twenty- five 

*  Vol.  11,  p.  240,  June,  1897. 


Plate  II. 


FELTON. 


397 


years,  and  establishing  a  sinking  fund  at  3^2  pei"  cent,  interest  to 
retire  the  first  cost  of  pumps  at  that  time.  The  table  may  be 
used  in  direct  proportion  for  other  heights,  for  other  consumpt  ions, 
or  for  other  prices  of  coal. 


Higher  Duty  ix  Million  Foot  Pound.s  per  100  Pounds  of  Coal. 

\  earlv 
Cost  of 

Lower 

Duty. 

Cofil. 

150 

140 

130    120 

110 

100 

90 

80 

70 

60 

50 

SI  522 

16  920 

16  300  15  600 

14  800 

13  830 

12  680 

11  270 

9  517 

7  250 

4  233 

60 

1  268 

12  680 

12  070  1]  380 

10  570 

9  600 

8  4,50 

7  030 

5  283 

3  020 

70 

1087 

9  6701  9  0.501  8  3701  7  5,50 

0  580 

5  430 

4  020 

2  270 

80 

951 

7  400i  6  780l  6  100 1  5  280 

4  320 

3  170  1  750 

90 

846 

5  650 

5  030  4  350  3  530 

2  .570 

1  420' 

100 

761 

4  230 

3  620  2  930!  2  120 

1  150 

\ 

no 

692 

3  080 

2  470 

1  780i   970 

120 

634 

2  120 

1  .500 

820 ! 

130 

585 

1  300 

OSO 

140 

544 

620 

150 

.507 

Note.  —  Select  the  coluinn  headed  by  the  higher  duty.  Then  select  the 
line  beginning  with  the  lower  dutj'.  The  sum  foimd  at  the  intersection  of 
the  column  and  line  is  that  which,  under  the  above  conditions,  could  be  paid 
lor  the  higher  duty  engine  above  the  price  of  the  low^er  duty  engine. 


PUMPING    STATION  BUILDING    AND   CHIMNEY. 

The  pumping  station  is  well  shown  in  the  accompanying  photo- 
graphs. It  is  of  red  brick,  the  foundations  of  the  pump  room 
being  of  Portland  cement  concrete  and  of  the  boiler  and  coal  room 
of  granite.  The  pump,  boiler,  and  chimney  foundations  are  of 
concrete.  The  pump  foundations  extend  four  feet  below  the  floor 
and  are  designed  for  a  load  of  about  one  ton  to  the  square  foot, 
as  are  all  the  other  foundations.  This  seems  a  very  light  load,  but 
the  material  upon  which  we  constructed  w^as  of  a  fine,  wet,  quick- 
sandy  nature,  containing  clay,  and  very  unstable  when  unconfined. 
Space  has  been  left  for  another  pump,  which  would  now  be  only 
for  purposes  of  duplication,  as  it  would  be  impossible  to  use  the 
two  in  conjunction  on  account  of  the  excessive  friction  head, 
although  the  size  of  the  duplicate  might  be  somewhat  increased. 

The  chimney  is  of  radial  brick,  100  feet  high,  with  an  inside 
diameter  of  four  feet  at  the  top,  there  being  no  interior  core  above 
the  common  brick  base  20  feet  in  height;  this  base  is  lined  with 
radial  brick  of  the  same  class  as  those  in  the  chimney. 

The   boiler  room  contains  two   264  horse-power  water  tube 
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boilers  built  by- the  Aultman-Taylor  Company.     They  are  of  the 
well-known  type  made  common  by  the  Babcock  &  Wilcox  Com- 
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pany,  and  are  insured  to  carry  160  pounds  of  steam.  The  coal 
room  is  40  feet  square  and  arranged  to  get  the  coal  in  at  the  top. 
A  Green  Economizer,  to  utilize  the  flue  gases,  is  installed  behind 
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the  boilers,  and  heats  the  water  about  100  degrees  from  about 
90  degrees  under  ordinary  conditions. 

The  pumps  were  furnished  by  the  Barr  Pump  Company,  and 
have  a  nominal  capacity  of  6  000  000  gallons  per  day.  They 
are  of  the  well-known  vertical,  triple  expansion,  crank  and  fly- 
wheel type,  with  cylinders  22,  36,  and  59  inches  in  diameter,  and 
three  19-inch  water  plungers,  of  36-inch  stroke.  The  valve 
area  is  150  per  cent,  of  the  plunger  area.  The  boiler  feed  pumps 
and  air  pump  are  attached  to  the  low-pressure  crosshead  and  have 
the  same  stroke.  Condensing  is  done  by  a  jet  condenser.  The 
steam  cylinders  are  jacketed  on  the  barrels,  and  the  valves,  of  the 
Corliss  type,  are  located  in  the  heads;  there  are  reheaters  between 
the  cylinders.  The  independent  boiler  feed,  electric  lighting 
generator,  air  compressor  for  cleaning  boiler  tubes,  the  repairing 
machinery  and  Green  Economizer  are  all  run  by  a  small  water 
motor  discharging  back  to  the  lake. 

The  principal  results  of  the  duty  test  were  as  follows: 

Principal  Rcsultn. 

Duration  of  trial,  10.30  a.m.  to  8.30  p.m 10  hours. 

Total  number  of  revolutions,  by  counter 20  118 

Average  revolutions  per  minute 33.53 

Jjength  of  stroke,  in  feet 3  feet. 

Average  number  of  feet  per  minute  piston  travel 201.18 

Temperatures. 

Temperature  of  feed  water 66° 

Temperature  of  outer  air  for  clay* 71° 

(Minimum,  56;   maxinuun,  84.) 

Feed  Water. 

Total  weight  of  water 46  753  pounds. 

Leakage  from  boilers 375  pounds. 

Total  amount  of  water  used  by  engines 46  378  pounds. 

Pressures. 

Steam  pressure  at  throttle,  by  gage  on  engine 150.1  pounds. 

(Corrected  for  water  column.) 

Barometric  pressure 14.61  pounds. 

Absolute  pressure 164.71  pounds. 

Vacuum 25.8  inches. 

Pressure  by  test  gage  on  force  main 119.5  pounds. 

Difference  between  center  of  gage  and  water  in  pump  well 20.9  feet. 

Total  water  pressure  (head) 128.6  pounds. 

*  .\t  Brockton. 
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Duty,  —  Basis  of  1  000  Pounds  of  Steam  ^{Plunger  Displaccmait). 
850.58G1   ^^''•'^'46  37^''''""^-  =  142  348  630  foot-pounds. 
Capacity  based  on  plunjier  displacement  =  6  400  500  gallons  per  day. 


A  slip  test  of  these  pumps,  using  one  of  Mr.  J.  R.  Freeman's 
calibrated  4-inch  nozzles  at  a  rate  of  about  5  200  000  gallons 
per  day,  indicated  as  lip  of  2.8  per  cent,  (the  fluctuations  of  the 
mercury  column  are  well  indicated  by  the  following  diagram, 
Fig.  5),  and  a  later  test  made  by  pumping  into  the  75-foot 
diameter  standpipe  showed  2  per  cent,  slip,  after  allowing  for 
leakage  in  the  force  main. 
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The  screen  well  is  12  feet  in  dianieler,  with  a  double  set  of  |-inch 
screens  in  iirooves.  and  is  situated  about  50  feet  from  the  pumping 
station.  This  well  presented  the  most  difHcult  problem  of  all 
our  work.  Three-inch  tongued  and  grooved  sheeting  was  driven 
before  digging  began,  and  extended  about  12  feet  below  the 
bottom  of  the  well;  the  material  was  a  fine  quicksajid,  and 
boiled  up  nearly  as  fast  as  it  could  be  removed,  settling  the  ground 
to  a  distance  of  50  feet  in  some  directions.  The  intake  pipe  is 
30  inches  in  diameter,  is  laid  level,  and  extends  225  feet  into  the 
lake.  Ow'ing  to  our  experience  with  the  pump  well,  we  did  not 
attempt  to  pump  out  the  sheeting  in  the  lake,  but  excavated 
betW'Cen  the  sheeting  with  a  small  orange-peel  bucket  and  stiff- 
leg  derrick,  floated  the  last  section  of  the  pipe  —  156  feet  in 
length  —  which  was  headed  up  with  wooden  heads,  and  sank  the 
pipe  by  admitting  water  through  rubber  tubes,  it  being  necessary  to 
excavate  and  make  one  connection  where  the  tw-o  sections  joined. 
The  end  of  the  pipe  rests  on  a  concrete  block  about  3  feet  above 
the  bottom. 

STANDPIPE    AND    PRESSURES. 

The  need  of  more  storage  capacity  led  to  the' construction  of 
a  new  standpipe  75  feet  in  diameter  and  35  feet  high,  with  spiral 
stairw^ay  and  balcony. 

The  top  of  the  new  standpipe  is  3  feet  4  inches  higher  than  the 
old  one,  and  their  combined  capacity  is  about  two  and  a  half 
million  gallons,  or  (which  is  niore  important,  as  we  seldom  allow 
them  to  go  down  over  15  feet  and  never  more  than  20  feet)  about 
55  000  gallons  per  foot . 

The  highest  part  of  the  city  is  at  an  elevation  only  about  12 
feet  below  the  top  of  the  standpipes,  but  the  high  portion  is  very 
limited  in  population,  and  we  have  a  static  pressure  of  50  pounds 
on  over  70  per  cent,  of  the  hydrants,  only  6  per  cent,  having  less 
than  30  pounds,  with  about  4  per  cent,  over  70  pounds.  A  much 
higher  pressure  would,  of  course,  be  desirable. 

The  construction  of  the  standpipe  presents  no  unusual  features. 
It  has  concrete  foundations  3  feet  thick,  projecting  1  foot  above 
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the  surface  of  the  ground.  It  is  constructed  of  mild  steel  having 
a  tensile  strength  of  54  000  to  62  000  pounds  per  square  inch. 
The  work  was  done  with  a  pneumatic  gap  riveter.  It  is  composed 
of  seven  courses  of  plates,  with  lap  seams. 

The  following  table  gives  the  thicloiess  of  plates  and  pitch  of 
rivets,  all  horizontal  seams  being  single  riveted;  there  is  a 
6X6X1, '-inch  bottom  angle  on  the  inside,  and  a  SixSi  angle 
■iron  on  the  outside,  18  inches  below  the  top.  It  is  designed  for 
unit  strains  of  13  500  pounds  per  square  inch  on  the  ])lates,  and 
9  000  pounds  on  the  livets,  whicli  are  of  steel.  The  bottom  is 
|-inch  thick. 


Thickness  of 
Plate. 


Vertical  Riveting 


Rows. 


Size. 


Pitch. 


Course  1  . 
2. 
3. 
4. 
5. 
6. 
7. 


1" 

i 

3." 


3.71" 
3.14" 
2.83" 
2.38" 
2.29" 
1.70" 
1.70" 


The  standpipe  is  equipped  with  the  Winslow  recording  appara- 
tus, run  by  a  float  in  an  S-inch  pipe  resting  on  but  not  secured  to 
the  bottom  of  the  standpipe.  The  S-inch  pipe  is  4  feet  from  the 
side  of  the  standpipe.  and  is  held  in  place  by  two  brackets,  one  at 
the  top  of  the  standpipe  and  the  other  12  feet  from  the  bottom, 
the  latter  being  below  the  intended  low-water  mark.  The  8-inch 
pipe  is  perforated  by  a  small  hole  about  2  feet  abovethe  bottom, 
and  has  about  3  feet  of  oil  in  the  top  of  the  pipe  to  prevent  freezing. 
The  movement  of  the  float  is  perfectly  steady  and  i^  apparently 
absolutely  unaffected  by  surface  fluctuations. 

The  cost  of  the  standpipe  erected,  with  stairway  and  balcony, 
including  two  coats  of  paint,  was  $10  550.  The  cost  of  the 
foundation,  including  excavation,  was  S3  209.49. 

Four  bids  for  a  concrete-steel  standpipe,  based  on  the  designs 
of  the  bidders,  were  submitted,  and  the  bids  ranged  from  $15  500 
to  $19  000.     The  lowest   bid  was  received  informallv  after  the 
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otliers  were  opened;    liad  it  been  before  us  at  the  ()i)eiiing.  it  is 
a  question  wliether  we  should  not  luive  accepted  it. 

Owing  to  a  strong  local  feeling,  and  not  to  any  particular 
prejudices  of  t  he  writer,  t  he  whole  work,  with  the  exception  of  the 
chimney  and  standpipe,  including  the  erection  of  the  buildings, 
was  done  practically  entirely  by  city  labor,  the  laborers  being 
paid  $2.25  per  day  of  eight  hours.  This  work  was  under  the  sole 
charge  of  ^Ir.  Horace  Kingman,  the  superintendent  of  the  water 
works,  and  was  ably  carried  through  within  the  original  estimates, 
in  spite  of  the  high  cost  of  pipe. 

DISCUSSION'. 

Mr.  Desmond  FitzGerald.  I  came  here  to-day,  Air.  President, 
to  listen  rather  than  to  speak,  and  it  is  needless  to  say  that  Mr. 
Felton's  paper  has  proved  interesting.  In  connection  with  the 
Brockton  work  I  remember  after  making  my  report  I  received  an 
invitation  to  spend  an  evening  with  the  mayor,  aldermen,  and 
common  council  to  answer  any  questions  they  might  see  fit  to  pro- 
pound. You  may  imagine  there  were  some  questions  asked  vrhich 
were  somewhat  embarrassing.  Among  them  I  remember  this: 
"  You  recommend  taking  water  from  Silver  Lake,  which  is  14  miles 
away.  Now,  sir,  suppose  there  was  a  river  of  pure  water  directly 
under  the  city,  flowing  away  in  large  quantities;  would  that  be  a 
sensible  thing  to  do?  "  Well,  what  kind  of  an  answer  could  a  man 
make  to  that  question?  Naturally,  it  would  be  a  verj'  short  one. 
that  it  would  be  a  very  foolish  thing  to  do.  I  afterwards  was 
informed  that  a  certain  learned  professor  in  Harvard  had  stated  his 
belief  that  one  of  those  underground  rivers  we  hear  about  so  often 
was  iTinning  under  Brockton  to  the  sea,  and  all  they  would  have 
to  do  to  get  a  supplj'  of  water  there  would  be  to  drive  a  pipe  down 
and  tap  it.  [Laughter.]  It  is  a  fact  that  this  supposed  stream  kept 
action  on  Silver  Lake  in  abe3'ance  for  several  months. 

I  think  that  Brockton  is  very  fortunate  in  having  such  a  fine 
source  of  supply  as  this  lake.  I  remember  the  clearness  of  the 
water  and  the  sandy  beaches  around  the  border.  It  seems  to  me 
that,  so  far  as  the  quality  of  the  water  is  concerned,  there  are  few 
cities  or  towns  as  fortunate. 
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I  have  made  a  great  many  active  enemies  in  my  life,  I  am  afraid, 
but  among  the  most  active  1  )-ecall  now  is  the  old  anabena.  He 
has  attacked  the  Boston  water  sui)j)ly  se\-eral  times  and  so  vigor- 
ously that  a  i)erson  could  not  take  a  bath  in  the  water  with  any 
pleasure,  and  no  one  would  venture  to  use  it  in  brushing  his  teeth. 
We  didn't  know  much  about  him  at  that  time,  but  we  came  very 
closely  in  contact  with  him, and  found  good  reason  for  shunning  liis 
acquaintance.  I  am,  therefore,  very  much  pleased  to  learn  that 
the  source  of  water  supply  I  recommended  to  Brockton  has  only 
reached  128  per  cubic  centimeter.  What  would  the  people  have 
thought  if  the  number  instead  of  being  J  28  had  been  1  028  as  I  have 
frequently  seen  ? 

Mr.  jMorris  Knowles.  I  was  especially  interested  in  Mr.  Felton's 
remarks  about  using  second-hand  pipe  for  laying  the  cable.  We  are 
laving  considerable  cable  ourselves,  and  where  we  are  not  able  to 
lay  a  tile  conduit  we  have  used  tubing,  understanding  that  it  would 
be  very  difficult  to  draw  a  cable  through  pipe  on  account  of  their  not 
being  smooth  at  the  joints.  I  should  like  to  ask  Mr.  Felton  how 
far  apart  the  drawing-in  manholes  were,  and  if  he  experienced  any 
trouble  from  injury  caused  in  drawing-in. 

Mr.  Felton.  No;  we  luul  no  difficulty  whatever,  and  never 
discovered  that  there  was  any  mechanical  injury  to  the  cable.  The 
drawing-in  stations  were  about  500  feet  apart.  We  thought  of  the 
possibility  of  injury  and  considered  seriously  whether  we  shouldn't 
lay  the  cable  without  any  covering,  except  in  the  streets.  There 
is  quite  a  large  portion  of  the  line  over  private  land  and  through 
woods,  and  the  pipe  is  only  to  prevent  mechanical  injury.  When  we 
first  got  the  thing  finished,  as  we  thought,  we  couldn't  make  it  work 
for  a  while.  We  suspected  it  was  the  fault  of  the  man  who  made  the 
joints,  so  we  had  some  one  go  over  the  line  and  inspect  them,  and  he 
found  some  that  were  weak;  it  was  claimed  water  had  got  into  them, 
and  since  they  have  been  made  right  it  has  never  failed  to  work  in 
good  shape.  The  recording  apparatus  has  worked  satisfactorily, 
although  we  have  a  little  troulile  with  the  float  on  account  of  the 
lengthening  of  the  string.  It  is  supposed  to  record  every  3  inches, 
and  it  hasn't  been  more  than  9  inches  out  at  any  time,  but  it  lias 
been  as  much  as  that.  We  can't  depend  upon  it  within  6  inches,  on 
account  of  the  float  slipping  on  the  wheel  or  possil)ly  a  little  slipping 
of  the  string. 
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Mr.  FitzGerald.  I  should  like  to  ask  wliat  the  nozzle  pressure 
of  that  4-inch  stream  at  the  lake  was. 

Mr.  Felton.  The  nozzle  pressure  was  about  62  pounds  and  the 
pressure  at  the  pumps  Avas  about  140,  the  difference  beiiii;-  lost  in 
friction. 

Mr.  I'itzGekald.  What  was  the  horizontal  distance  of  the 
stream  above  the  lake? 

Mr.  Felton.  I  am  sorry  to  say  we  didn't  get  a  good  measure- 
ment of  that,  and  I  can  only  judge  by  the  photograph.  I  should 
say  the  bulk  of  the  sti-eam  was  very  nearly  200  feet,  but  it  loroke  up 
a  good  deal,  as  you  noticed  in  the  slide,  giving  a  very  beautiful  effect, 
with  rainl^ows,  etc. 
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A  STUDY  OF  SOME  VITAL  STATISTICS. 

BY    L.    M.    HASTINGS,    CITY    ENGINEER,    CAMBRIDGE,    MASS. ' 

IRead  November  14,  1906.] 

Nature  has  implanted  in  every  sane  person  a  desire  to  live,  to 
prolong  life,  and  pursue,  as  far  as  possible,  health,  and  the  capacity 
for  enjoyment.  The  old  story  of  Ponce  de  Leon  seeking  the 
fountains  of  eternal  youth  but  illustrates  the  real  desires  of  every 
human  being,  andtypifies,  in  its  story  of  search  and  stioiggle  and 
final  disappointment  and  defeat,  the  ceaseless  effort  of  the  human 
race  to  find  some  way  by  which  the  dread  ravages  of  disease  may 
be  averted  and  the  relentless  hand  of  death  stayed. 

While  the  fabled  "  Fountain  of  Eternal  Youth  "  has  never  been 
discovered,  nor  that  magic  potion  which  it  was  believed  should 
forever  preserve  health  and  beauty  been  compounded,  — •  at 
least  in  any  such  manner  as  the  ancients  thought  possible,  — 
nevertheless  very  much  has  been  done  in  these  later  j^ears  not  only 
to  lengthen  the  average  of  human  life,  but  to  increase  its  capacity 
for  productive  work  and  enjoyment.  Of  the  many  causes  which 
have  tended  to  produce  this  result,  perhaps  the  twa  most  promi- 
nent are  the  marvelous  progress  made  in  medical  discovery  in 
the  knowledge  of  the  causation  of  many  diseases,  with  an  increased 
efficiency  in  its  prevention  or  cure,  and  in  sanitary  science  a  far 
better  understanding  of  the  effect  upon  health  of  environment,  — 
soil,  climate,  temperature,  cleanliness,  drainage,  etc., — and  the 
hygienic  value  of  good  food,  water,  and  air. 

In  the  field  of  medical  discovery  the  most  jwtent  factor  in 
producing  the  remarkable  results  obtained  is  the  work  of  highly 
trained  specialists  and  experimenters  in  natural  and  medical 
science.  It  would  be  difficult  to  overestimate  the  debt  which 
the  world  owes  \o  these  scientific  men  who,  by  patient  investi- 
gation and  lesearch,  extending  often  through  long  years  of 
poorly  paid  labor,  have  made  discoveries  and  established  theories 
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the  application  of  which  wih  be  of  incalculable  benefit  to  man- 
kind. This  is  all  the  more  noteworthy  because  in  many  cases  the 
amount  of  laborious  experiment  and  research  necessary  to  estab- 
lish a  single  fact  of  importance  is  enormous,  and  the  degree  of 
scientific  skill  and  intelligence  required  the  highest. 

Think,  for  instance,  of  the  time  and  labor  and  patient  inves- 
tigation required  to  discover  and  demonstrate  —  what  is  now 
generally  accepted  as  correct  —  the  general -theor}- of  the  germal 
origin  of  many  diseases.  How  can  the  world <"epay  Robert  Koch, 
of  Germany,  who,  perhaps  more  than  any  other  one  man,  advanced 
the  knowledge  of  bacteriology  in  its  relation  to  disease,  or  Louis 
Pasteur,  of  France,  who  developed  the  method  of  cultures  of  these 
^bacteria  so  that  they  could  be  readily  examined  or  studied,  and 
later  discovered  a  remedy  for  that  terrible  malady,  rabies,  or 
hydrophobia,  so  that  the  mortality  from  the  disease  has  been 
reduced  from  60  to  80  per  cent,  to  less  than  1  per  cent.  ? 

Think  of  the  work  of  Klebs  and  Loffler  in  Germany,  in  deter- 
mining the  bacteria  of  diphtheria,  and  of  Behring  in  Germany  and 
Roux  in  Paris  in  perfecting  the  antitoxin  treatment  for  this 
terribly  fatal  disease,  saving  thousands  of  otherwise  doomed 
victims. 

As  a  result  of  the  labors  of  these  and  a  great  many  other  men 
—  physicians,  chemists,  bacteriologists,  biologists,  sanitarj"  engi- 
neers —  who  have  devoted  themselves  unselfishly  to  .the  cause 
of  bettering  humanity  on  its  physical  side,  we  have  to-day 
advanced  far  on  the  road  to  a  proper  understanding  of  disease, 
its  cause,  prevention,  and  cure.  We  have  also,  in  many  ways, 
a  far  better  and  more  rational  standard  of  living  than  before; 
better  food,  better  houses,  purer  water,  and  better  sanitary  con- 
ditions in  cities  and  crowded  areas.  One  of  the  most  striking 
demonstrations  of  the  efficiency  of  this  increased  knowledge  con- 
cerning disease  of  which  we  have  been  speaking  is  the  de- 
creased number  and  virulence  of  the  outbreaks  of  contagious 
diseases  and  their  greatly  lessened  mortality;  smallpox,  yellow 
fever,  cholera,  diphtheria,  the  plague,  and  similar  diseases,  have 
now  no  such  terrors  as  formerly. 

Another  evidence  of  the  practical  value  of  this  increased  knowl- 
edge of  sanitary  and  medical  matters  is  a  lowered  annual  death 
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rate.  I  believe  that  this  result  is  pretty  general  throughout  this 
country;  it  certainly  appears  in  the  statistics  which  I  have 
examined,  being  most  marked  in  the  last  decade,  and  especially 
in  the  cities.  Now  this  lower  annual  death  rate  indicates  a  longer 
average  life  to  the  individual,  with  all  its  possibilities  for  enjoyment 
and  for  usefulness  to  the  community.  It  also  indicates  a  lessened 
morhidity  or  sick  i-ate,  with  its  burden  of  expense  and  lessened 
earnings. 

Another  fact  worthy  of  notice  is  that  this  lowering  of  the 
death-rate  has  been  largely  among  the  young,  or  persons  under  five 
years  of  age,  with  the  expectation  of  a  long  life  before  them.  As 
will  be  shown,  the  greatest  mortalit}^  occurs  among  the  very 
young,  and  decreases  as  the  age  advances  until  about  the  fifteenth 
year,  when  the  death-rate  begins  to  rise  again.  If,  therefore,  the 
young  can  be  carried  over  this  period  of  greatest  danger,  their 
expectancy  of  life  will  be  greatly  increased. 

It  is  to  the  credit  of  the  new  knowledge  that  this  is  exactly 
what  has  happened.  The  average  annual  death  rate- in  Cam- 
bridge among  children  under  five  years  of  age  for  the  thirty  3'ears 
from  1850  to  1879  was  about  9.00  per  1  000  of  all  persons  living, 
while  for,  the  ten  years  1894  to  1903  it  was  only  6.08  per  1  000, 
a  decrease  of  about  33  per  cent., —  a  very  excellent  showing. 

The  figures  which  I  have  prepared  relate  largely  to  Cambridge, 
but  I  think  that  in  a  general  way  the  results  are  typical  of  those 
which  obtain  in  cities  in  many  parts  of  the  country.  Free  use 
has  also  been  made  of  the  statistics  given  by  Mr.  Robert  Moore 
in  his  excellent  paper  on  "  Vital  Statistics  of  St.  Louis  since  1840," 
published  in  the  Journal  of  the  Association  of  Engineering  Societies, 
November,  1904.  They  are  used  simply  as  an  interesting  com- 
parison between  localities  remotely  situated. 

Climatic  conditions,  as  indicated  by  temperature  and  rainfall, 
have  an  important  effect  on  health  and  happiness,  and  so  Fig.  1 
is  given,  showing  the  precipitation  and  average  temperature 
readings  at  New  Bedford,  Mass.,  1813-1904.  These  are  said  to 
he  the  longest  and  most  reliable  set  of  meteorological  observations 
taken  in  New  England,  being  made  entirely  by  Mr.  Samuel 
Rodman  and  son  for  the  time  1813  to  1904.  A  study  of  this  plate 
would  seem  to  show  that  while  there  has  been  some  variation  of 
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teinpcrature  in  short  periods,  3'et  as  a  Avliole  the  average  tein- 
jjerature  has  not  changed.  The  low  winter  temperature  of  1836 
should  be  noted;  also  that  of  1844.  It  was  on  Febmary  3,  1844, 
that  the  Cunard  steamer  Britannia  had  a  channel  cut  through  the 
ice  of  the  harbor  and  was  towed  to  sea  with  United  States  mails, 
etc.  The  ice  extended  nearly  to  Fort  Warren.  The  winters 
of  1856  and  1875  were  also  notably  severe. 

With  regard  to  precipitation,  excepting  a  short  period  at  about 
1830  of  abnormall}'  large  precipitation,  there  seems  to  be  a 
tendency  in  this  record  to  show  an  increase  in  the  average  annual 
amount,  the  average  by  ten-year  periods  being  as  follows: 

1813  to  1820,  41.67  inches. 
1821  to  1830,  51.95  inches. 
1831  to  1840,  45.96  inches. 
1841  to  1850,  44.94  inche.s. 
1851  to  1860,  44.76  inches. 
1861  to  1870,  46.26  inches. 
1871  to  1880,  46.87  inches. 
1881  to  1890,  48.69  inches. 
1891  to  1900,  47.87  inches. 
1901  to  1904,  48.69  inches. 

Population  is  the  basis  of  all  vital  statistics,  so  Fig.  2  shows 
the  growth  of  population  of  Cambridge,  Lowell,  and  Worcester. 

Fig.  3  shows  the  curve  of  population  growth  for  the  state 
of  Massachusetts,  1765-1900;  note  that  in  this  state  there 
have  been  three  different  rates  of  growth.  From  1765  to  1S30 
the  rate  of  increase  was  small,  the  curve  running  quite  low,  the 
yearly  increase  being  only  about  5  750.  Rapid  immigration  and 
the  development  of  manufactures  in  the  next  period,  1830  to 
1885,  brought  the  rate  to  26  765  per  year,  a  very  marked  increase; 
while  from  1885  to  1900  the  rate  of  increase  has  been  57  545  per 
year. 

Fig.  4  shows  the  Cambridge  birth-rate  per  1  000  inhabitants. 
Attention  should  be  given  to  the  low  rate  indicated  during  the 
Civil  War,  1861  to  1865,  and  also  during  the  period  of  great  financial 
depression,  1875  to  1879.  The  birth-rate  from  1850  to  1859  was 
37.83,  while  the  rate  from  1894  to  1903  was  29.54,  a  decrease  of 
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22  per  cent.  The  decrease  in  the  rate  for  the  state  of  ^lassachu- 
setts  for  the  same  ten-year  periods  was  from  20.09  to  26.39,  or 
over  9  per  cent. 
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On  Fig.  4  is  also  shown  the  ("anil)i'id,iie  death-rate  from  all  causes 
for  the  last  fifty  years.     By  ten-year  ])eri()ds  the  a^■era^■e  rate  is: 
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Period. 

Death-Rate 

1850-1859 

19.67 

1860-1869 

19.44 

1870-1879 

20.22 

1880-1889 

19.27 

1890-1899* 

18.52 

1895-1901. 

16.81 
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the  last  a  reduction  of  15  i)er  cent,  from  that  of  tlie  period  from 
1850  to  1859. 

To  get  an  approximate  idea  of  what  this  decrease  in  the  death- 
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rate  means,  let  us  assume,  as  is  sometimes  done,  that  the  average 
length  of  life  is  represented  by  the  death-rate.  Thus  in  the  decade 
1850-1859  a  rate  of  19. 6S  wou'd  represent  an  average  duration 
of  life  of  50.3  ye:u-s.  and  for  the  period  1895-1904  a  rate  of  16.81 
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would  represent  an  average  life  of  59.5  years,  a  gain  of  9.2  years. 
Who  can  estimate  the  value  of  this  lengthened  life?  Or,  look 
at  it  another  way.  If  the  death-rate  of  the  first  period  had  been 
maintained  till  the  present  time,  the  tot^l  number  of  deaths  in 
1904  would  have  been  1  980.  As  a  matter  of  fact,  however,  the 
total  number  of  deaths  was  only  1  444,  or  536  less  than  w^ould 
have  occurred  if  the  early  rate  had  continued,  being  just  so  many 
lives  saved.  If,  now,  we  give  to  each  life  its  legal  valuation  of 
$5  000,  we  have  $2  680  000  as  the  total  value  of  the  lives  saved 
for  the  year  1904  alone  in  the  city  of  Cambridge. 

This  large  decrease  in  death-rate  seems  to  apply  to  most  of  the 
bities  of  the  state,  and  considerably  exceeds  the  decrease  in  death- 
late  for  the  state  as  a  whole  as  given  in  the  census  reports.  For  the 
period  1850-1859  the  rate  was  18.25,  and  for  1894-1903  the  rate 
w^as  17.80,  a  decrease  of  only  2.4  per  cent.  The  death-rate  for 
the  cities  seems  to-start  higher  and  end  lower  than  the  rate  for 
the  whole  state,  probably  due  to  the  balancing  influence  of  the 
rural  districts  where  the  first  cbnditions  would  be  likely  to  be 
better  and  less  improvement  would  be  expected. 

Fig.  5  shows  the  death-rate  from  all  causes  for  St.  Louis, 
1850  to  1904.  This  shows  a  remarkable  reduction  in  the  rate, 
from  43.08  per.  1  000  for  1850  to  1859,,  to  71.71  per  1  000  for 
1894-1903. 

Compare  (for  what  they  are  worth)  the  death-rates  of  several 
cities  of  nearly  the  same  population  as  Cambridge.  These  rates 
are  the  average  for  the  ten  vears  1894-1903. 


City. 


Popu-  Death- 

lation.  Rate. 


Tjowell,  Mass.  .  .  . 
Albany,  N.  Y.  .  . 
New  Haven,  Conn. 
Worcester,  Mass. 
("ainl)ridge,  Mass.  . 
Hartford,  Conn.  .  . 
.•Syracuse,  X.  Y.  .  . 
Dayton,  Ohio  .  .  . 
(Irand  liapids,  Mich. 
St.  Lonis,  Mo.  .    .    . 


94  969 
94  151 

108  027 

118  421 
91  886 
79  850 

108  374 
85  333 
87  565 

575  238 


20.24 
19.44 
17.29 
16.87 
16.81 
16.24 
13.48 
13.35 
12.04 
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Fig.  6  sh()\v.s  the  death-rate  per  1  ()()()  persons  Hviiig  of  the 
given  ages  in  Cambridge  (1S91  to  1900).  The  figures  are  as 
lows : 


Age. 


Death-Rate. 


Mortality. 


Under  1  vear 

204.53                                    1  in  5 

1-  2 

95.91                                     1    . 

.   10 

2-  3 

20.03                                    1    , 

,  .")(l 

3-  4 

17.28                                    1    , 

,  50 

4-  5 

12.64                                    1   , 

,  80 

.5-10    ' 

7.52                                    1   , 

,  133 

10-15 

3.79                                    1   , 

,  263 

15-20 

5.59                                    1   , 

,  178 

20-30 

7.17                                    1   , 

,  140 

30-40 

9.14                                    1   , 

,  110 

40-50 

12.63                                    1   , 

,  80     . 

50-60 

21.52                                    1  , 

,  47 

60-70     • 

40.90                                    1  , 

,  25 

70-80 

S4.92                                    1   , 

,  12 

over  80 

167.14                                    1  , 

,  6 

Note  the  terrible  mortality  of  children  under  one  year  of  age^. 
more  than  one  in  five  dying. 

On  Fig.  7,  however,  it  is  shown  that  this  mortality  rate  for 
children  under  five  years  of  age  is  being  reduced,  the  rate  by  ten- 
year  periods  being  as  follows: 


Period. 

Death-Rate 
of  Children 
under  Five. 

Period. 

Death-Rate 
of  Children 
under  Five. 

1850-1859     .... 
1860-1869     .... 
1870-1879     .... 
1880-1889     .... 

9.26 
8.33 
9.25 
7.25 

1890-1899      .... 
1894-1903     .... 
1900-1903     .... 

6.77 
6.08 
5.10 

The  last  a  decrease  of  34  per  cent,  in  child  mortality  from  the 
period  1850-1859. 

It  should  be  remembered  that  these  figures  relate  to  the  whole 
population  of  all  ages,  whereas  children  under  five  form  about  one 
tenth  of  the  whole  population,  and  these  figures  should,  therefore, 
be  multiplied  by  ten  to  obtain  the  rate  for  that  age. 

Fig.  7  also  shows  the  death-rate  in  Cambridge  for  persons  five 
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years  of  aue  and  over.  The  rates  are  successively  10.69.  11.28, 
11.05,  11. 9-2.  11.7{>;  1900-1903,  10.62;  and  1894-1903,  11.04, 
showinsi  little  change  in  the  death-rate  for  adult  persons. 

Fig.  8  shows  the  death-rate  due  to  croup  and  diphtheria 
combined  for  both  Cambridge  and  St.  Louis.  In  Cambridge  the 
rate  in  1880-1889  was   1.316  and  in  1894-1903  was  0.626,  or  a 
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Cambh/oge 


St.  lou/s 


Fig.  8. 

decrease  of  52  ^^er  cent.  St  I^ouis  shows  a  reduction  from  1.152 
to  0.435,  or  62  per  cent.  This  is  undoubtedly  largely  due  to  the 
introduction  of  the  antitoxin  treatment.  Professor  Welsh  states 
that  in  something  like  5  000  cases  of  diphtheria,  the  history  of 
which  he  examined,  the  use  of  the  antitoxin  treatment  had  reduced 
the  mortality  more  than  50  per  cent.,  while  in  Berlin  the  death- 
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rate  from  this  disease  was  reduced  from  10.2  per  cent,  to  3.7  per 
cent.,  and  in  Paris  from  6.5  per  cent,  to  1.3  per  cent. 

Fig.  9  shows  the  death-rate  from  typhoid  fever  for  Cambridge 
and  St.   Louis.     In  C'aml)i'idge  tlie  maximum   rate  occurred  in 
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1860-1869  at  0.456  per  1  000.  The  rate  for  1894-1903  was  0.189, 
a  reduction  of  59  per  cent.  The  St.  Louis  diagram  is  a  very 
instructive  one,  as  showing  the  influence  of  the  sanitaiy  condition 
of  the  water  supply  on  the  typhoid  fever  death-rate. 
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Ml-.  .Moore,  in  his  paper,  states  that  the  first  water  works  for 
St.  Louis  were  built  in  1S32,  supplying;  a  small  amount  of  water 
from  the  ^lissouri  River.  Most  of  the  inhabitants  used  water 
from  wells  until  1855,  when  the  water  works  were  enlarged  and 
a;uore  general  use  of  river  water  was  made,  with  a  decrease  in  the 
typhoid  death-rate  until  about  1S63.  About  this  time  the  con- 
struction of  sewers  discharging  into  two  creeks  connecting  with 
the  river  above  the  pumping  station  was  active  and  its  effect  is 
shown  in  an  increase  in  the  death-rate. 

In  May,  1871,  the  old  water  works  were  abandoned  and  moved 
up  the  river  above  the  point  when  any  sewage  then  entered  the 
river.  This  produced  another  lowering  of  the  rate  until  1890, 
when  it  began  to  rise  again.  Tliis  was  caused  by  the  introduction 
of  sewage  into  the  river  near  the  pumping  station.  In  1892  the 
city  set  some  pumps  on  one  of  the  creeks  which  was  particularh^ 
dangerous,  and  pumped  the  water  which  was  polluted  over  into  a 
.sewer  which  discharged  below  the  pumping  station.  The  rate 
again  fell  off  so  that  in  1897  it  was  the  lowest  ever  recorded  in 
St.  Louis. 

The  rise  to  the  rate  shown  for  1900  is  probably  caused  by  the 
increasing  amounts  of  sewage  from  the  six  cities  on  the  river  above 
St.  Louis,  and,  it  has  been  claimed,  from  Chicago  itself  and  its 
great  drainage  canal. 

Consumption  causes,  it  is  said,  one  seventh  of  all  the  deaths  in 
the  world.  In  Cambridge  it  causes  about  12  per  cent,  of  all  deaths. 
There  has  apparently  been  improvement  in  the  rate  for  this 
disease,  although  the  figures  must  be  taken  with  some  caution, 
due  to  uncertainty  as.  to  the  correctness  of  the  returns  of  causes, 
many  objecting  to  have  the  cause  of  death  assigned  as  "  consump- 
tion "  as  affecting  insurance,  and  other  interests.  The  average 
rates  as  given  by  the  returns  are  as  follows: 


Period. 

Death-Rate. 
from  Con- 
sumption 

Perioti. 

Death-Rate. 
from  Con- 
sumption. 

18.50-1859     .... 
1860-1869     .... 
1870-1879     .... 
1880-1889      .... 

3.901 
3.116 
2.930 
2.948 

1890-1900     .... 
1900-1903     .... 
1894-1903      .... 

2.336 
1 .962 
2.046 

a  gain  of  47  per  cent. 
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Not  only  does  the  disease  cause  a  fornudal)le  portion  of  tiie 
deaths,  but  its  victims  are  hirjiely  those  in  middle  life,  the  period 
of  largest  death-rate  being  from  twenty  to  forty  years  of  age. 

The  returns  of  pneumonia  are  so  unsatisfactory  that  no  diagram 
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was  made,  —  the  figures  as  ol)tained.  however,  seem  to  show  an 
increase  in  the  rate  from  this  disease  in  Cambridge.  This  is 
confirmed  by  the  figures  of  St.  Louis.  The  figures  for  Cambridge, 
as  I  have  them,  are 
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Period. 

Death-Rate 
from  Pneu- 
monia. 

Period. 

Death-P.ate 
from  Pneu- 
monia. 

1872-1879      .     .    •.    . 
1880-1889     .... 

1 .33 
1.09 

1890-1899      .... 
1900-1903      .... 

1.60 
1.760 

We  have  now  seen,  from  the  figures  and  diagrams  presented, 
something  of  the  resuhs  which  have  been  aecomphshed  in  the  last 
fifty  years  in  the  effort  to  solve  the  great  problem  of  the  conserva- 
tion of  human  life. 

It  seems  certain  that  in  this  period  the  danger  of  recurrence  of 
great  epidemics  has  been  greatly  lessened,  that  the  mortality  from 
many  contagious  diseases  has  been  greatly  reduced,  and  that  on 
the  whole  the  average  length  of  human  life  has  been  increased. 
As  to  how  far  this  improvement  may  be  carried  in  the  future,  it 
does  not  seem  too  much  to  expect  that,  with  our  constantly 
increasing  knowledge,  and  attention  to  the  details  of  sanitary 
conditions  and  hygienic  living,  the  improvement  will  continue, 
and  that  at  no  distant  date  we  may  have  a  death-rate  considerably 
lower  than  the  present  one.  We  can  never  hope  to  banish  entirely 
disease  and  death,  even  if  it  were  desirable,  yet  there  are  many 
lines  along  which  improvement  can  be  made  in  things  pertaining 
to  public  health,  and  by  which  not  only  may  the  length  of  life  be 
increased,  but  its  vigor,  activity,  and  cayacity  for  vseftil  work 
augmented. 

It  does  not  seem,  for  instance,  that  consum'ption  can  for  long 
continue  the  great  scourge  that  it  now  is  to  the  human  race, 
cutting  down  so  many  in  middle  life,  but  that  with  all  the  study 
and  investigation  now  being  given  to  the  pathology  of  this  disease, 
it  is  not  unlikely  that  some  definite  and  efficient  treatment  will 
be  found,  by  which  the  ''  bacillus  tubercle  "  will  be  overcome  and 
mankind  will  be  comparatively  free  from  this  disease. 

It  is  probable  that  at  no  distant  day  most,  if  not  all,  the  water 
furnished  by  public  water  supplies  will  be  thoroughly  purified  by 
some  form  of  filtration,  either  mechanical  or  through  layers  of 
sand,  as  is  now  being  done  at  Albany,  Pittsburg,  Philadelphia, 
and  many  foreign  cities,  giving  a  water  practically  free  from  the 
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"  bacillus  coli  "  and  other  bacteria,,  and  thus  help  to  materially 
lower  the  typhoid  fever  death-rate. 

It  may  be  that  even  the  air  supply  of  all  buildings  where  people 
live  or  are  employed  will  be  purified  and  cleansed,  and  the  gas, 
dirt,  smoke,  and  floating  germs  literally  washed  out,  as  is  now 
done  at  the  city  hall  in  St.  Louis,  ]Mo..  reducing  the  liability  to 
throat  and  lung  diseases. 

The  immediate  removal  of  sewage  and  garbage,  and  its  disposal 
without  offense  and  without  danger,  is  another  serious  problem 
which  should  find  some  satisfactoiy  solution.  It  may  be,  too.  in 
that  future  time  of  which  I  speak,  that  free  public  baths  will  be  fur- 
nished by  all  municipalities,  open  the  year  round,  and  that  daily 
bathing  in  these,  or  in  a  private  bath,  will  be  made  compulsory, 
the  same  as  attendance  at  the  public  schools  or  vaccination  now 
are. 

Think  what  this  would  mean,  from  a  sanitary  standpoint,  to 
the  "  great  unwashed,"  to  say  nothing  of  how  much  it,  would 
contribute  to  the  esthetic  olefactory  senses  of  the  patrons  of  many 
of  our  street  car  lines  at  certain  hours  of  the  day! 

It  may  be,  too,  and  this  seems  the  hardest  of  anything  to  believe 
or  expect;  that  we  shall  some  time  learn  to  eat  and  drink  only  so 
much  as  we  need,  and  then  only  of  such  things  as  are  good  for  us. 
When  that  time  comes,  it  may  be  expected  that  the  public  health 
W'ill  be  so  good  that  the  practice  of  medicine  will  be  a  lost  art,  and 
these  figures  and  mortality  tables  will  have  to  be  completely 
revised  and  corrected. 

DISCUSSION. 

President  SEDcaviCK.  It  has  been  said  that  the  one  incurable 
disease  is  old  age,  but  when  you  look  at  the  statistics  you  will  find 
that  only  a  small  proportion  of  deaths  is  given  as  from  that  cause. 
People  seem  to  die  of  everj-thing  except  old  age,  only  about  4  or  5 
per  cent,  being  put  down  to  that.  But  such  a  percentage  is  appar- 
ent rather  than  real.  A  good  many  people  die  of  pneumonia,  for 
instance,  who  really  die  of  old  age  —  that  is,  who  would  not  have 
died  of  pneumonia  if  they  had  not  been  enfeeliled  by  age. 

TJ^ere  are  many  aspects  of  this  subject  which  will  bear  serious 
thought.     The  cliart  of  mortality  at  different  ages  is  particularh' 
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valuable  antl  interesting.  I  have  one  ver}*  much  like  it,  a  lantern 
slide,  for  Berlin,  Germany.  It  is  higher  in  the  infant  mortality  than 
the  one  shown  by  Mr.  Hastings.  One  of  the  striking  things  which 
appears  from  the  study  of  that  subject  is  that  infants  fed  on  cow's 
milk  —  bottle-fed  infants — -die  at  a  much  higher  rate  than  those 
that  are  breast  fed.  There  is  an  infinite  amount  of  work  which  can 
be  put  into  all  these  diagrams  and  studies. 

It  seems  to  me  it  is  well  to  have  such  things  brought  before  us 
now  and  then,  just  to  remind  us  of  the  actual  facts  of  life  and  of  the 
tendencies  of  the  times.  In  these  tendencies  this  association  has 
played  an  important  part  in  ^Massachusetts  by  seeing  to  it  that  the 
water  supplies  are  made  purer  and  better;  thereby  reducing  not  only 
tj-phoid  fever  but  some  other  diseases,  because  there  is  a  good  deal 
of  evidence  now-a-days  that  a  number  of  diseases  are  water  borne, 
which  we  did  not  formerly  consider  water  borne,- — not,  of  course, 
l^orne  with  the  same  readiness  and  to  the  same  extent  as  typhoid 
-fever,  but  still  sufficiently  to  cause  a  good  deal  of  trouble. 

]Mr.  Frank  L.  Fuller.  I  think  we  owe  a  great  deal  to  ^h\  Hast- 
ings for  the  labor  he  has  put  into  this  paper.  The  results  of  his  w^ork 
are  very  instructive  indeed  and  will  be  very  valuable  and  interesting 
for  purposes  of  future  reference  and  comparison.  I  should  like  to 
ask  Mr.  Hastings  whether  he  has  made  an  enumeration  of  deaths 
from  accidental  causes. 

Mr.  Hastings.     No,  sir;   I  didn't  go  into  that. 

Mr.  H.  a.  ^Iiller.  I  understand  that  the  death-rate  among 
infants  was  much  greater  formerly  than  in  later  years,  and  at  the 
same  time  the  birth-rate  has  decreased.  If  the  birth-rate  had 
remained  as  it  was,  would  the  death-rate  have  remained  the  same, 
or  would  it  have  been  greater  or  less? 

]\Ir.  Hastings.  The  death-rate  I  gave  for  infants  was  for  the 
infants  living,  so  it  wouldn't  make  any  difference  how  many  there 
were,  the  rate  wotild  be  the  same.  The  diagram  I  showed  you  gave 
the  death-rate  of  children  under  one  year,  living  at  that  age,  and  the 
death-rate  of  children  under  two  years,  living  at  that  age,  so  the 
number  would  not  have  any  effect. 

]\Ir.  Miller.  I  probably  did  not  make  myself  unflerstood. 
The  death-rate  among  infants,  as  I  understand  it.  is  smaller  than 
it  used  to  be,  while  the  birth-rate  also  has  decreased.     That  is,  you 
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gave  us  the  total  death-rate  of  all  ages,  as  I  remember,  and  that 
has  decreased? 

Mr.  Hastings.     Yes,  sh-. 

Mr.  Miller.  Now,  if  the  birth-rate  had  remained  normal,  or 
remained  the  same  as  it  originally  was,  would  the  death-rate  total 
be  in  proportion,  or  would  it  have  decreased  as  shown  by  you?  Do 
you  get  an  idea  of  what  I  mean? 

Mr.  Hastings.  I  think  so.  I  think  if  there  had  been  more 
children  the  death-rate  of  all  ages  would  have  been  higher,  because 
the  mortality  among  children  is  larger. 

Mr.  Miller.  Would  it  have  been  the  same  practically  as  it  was 
originally  ? 

]\Ir.  Hastings.     I  couldn't  say  as  to  that,  but  I  don't  think  so. 

The  Presidej^t.  Perhaps  I  may  say  a  word  about  that,  as  I 
happen  to  be  more  or  less  familiar  with  the  subject.  A  high  birth- 
rate is  generally  supposed  to  favor  a  high  death-rate,  and  yet,  if  the 
birth-rate  had  remained  as  it  used  to  be,  it  is  not  likely  that  the  infant 
death-rate  would  have  been  as  high  as  it  then  was;  although  it 
would  have  been  higher  than  it  now  is. 

Mr.  Desisiond  FitzGerald.  I  will  say  a  single  word  in  regard  to 
the  population  curve  shown  on  the  diagram.  Some  time  ago  I  had 
occasion  to  examine  very  carefully  the  increase  in  population  of  all 
the  principal  cities  of  the  United  States  for  the  cit}'  of  Oakland. 
Cal.,  on  a  subject  connected  with  their  sanitary  works,  and  I  found 
that  of  all  the  cities  in  the  United  States  the  city  of  Worcester  had 
increased  from  the  beginning  of  its  records  to  the  present  time  in 
the  most  regular  way,  showing  an  almost  perfect  curve.  The  city  of 
Providence,  I  think,  came  next,  and  was  very  similar. 

Mr.  Robert  J.  Thomas.  I  should  like  to  ask  whether  in  taking 
tlie  po])ulati()n  of  Camliridge  the  students  in  Harvard  College  were 
included? 

i\lR.  Hastings.  I  think  so.  They  are  enrolled  as 'living  in  Cam- 
bridge, although  very  feAv  are  voters  there.  There  has  been  quite  a 
discussion  about  that,  whether  students  who  are  enrolled  as  inhabi- 
tants of  Cambi'idge  really  have  a  domicile  or  residence  there.  They 
are  included  as  inhabitants,  but,  generally,  not  as  voters. 

Mr.  Thomas.     They  come  into  the  population  statistics? 

jMr.  HASTiNCis.     Yes;  and  that  would  explain  somewhat  the  rate 
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of  our  increase  in  population.  We  have  about  o  ()()()  students,  and 
they  arc  not  expected  to  contrilxite  niucii  to  the  birth-rate. 

The  President.  Mi-.  Mills  has  drawn  a  very  interesting  curve 
for  Lawrence,  by  which  he  has  shown  that  the  introduction  of  the 
filter  in  1893  was  followed  by  a  xevy  mai-ked  increase  of  }K)pulation 
and  decrease  of  the  total  deaths.  It  is  one  of  the  most  instructive 
curves  I  have  evei-  seen.  I  do  not  remember  the  exact  figure.s.  but 
the  gist  of  it  is  that,  assuming  the  total  number  of  deaths  in  Law- 
rence in  1892  as  1  000,  and  it  was  going  ra[)i(lly  uj)  by  a  line  which 
would  diagonalize  that  chart,  when  the  filter  was  introduced  the  Une 
changed  its  direction  altogether,  so  that  after  ten  }'ears  the  total 
number  of  deaths  in  the  city  was  no  greater  than  it  had  been  in  1892, 
and  that,  too,  although  the  population  had  increased  meantime 
50  per  cent.  It  is  a  very  extraorcUnary  showing  as  to  the  effect  of  a 
purified  w^ater  supply  upon  the  public  health. 

Mr.  Morris  Knowles.'^  There  is  something  wiiich  occurs  to  me, 
which  may  be  of  interest  in  teaching  us  not  to  draw  conclusions  too 
quickly,  unless  we  know  all  the  facts.  An  instance  which  occurred" 
in  our  city  of  Pittsburg  during  the  last  year  illustrates  this.  As 
you  all  know,  it  is  the  city  which  leads  all  others  in  death-rate  and 
sickness  from  typhoid  fever.  For  some  years  past  the  average 
reported  cases  of  sickness  per  100  000  has  loeen  750  to  800,  and  the 
cases  are  generally  recorded.  During  the  past  year,  through  the 
energetic  efforts  of  the  head  of  the  bureau  of  health,  it  has  been  made 
manifest  to  every  one  that  it  is  not  wise  to  drink  water  from  the 
municipal  supply.  Notices  have  been  posted  in  the  street  cars  and 
in  the  public  buikUngs,  office  buildings  and  other  places,  that  the 
city  water  should  be  boiled  before  it  is  used  for  drinking.  In  build- 
ings where  good  water  is  furnished,  that  fact  is  placarded,  so  that 
people  will  know  that  the  water  is  safe. 

Now  it  is  not  probable  that  there  has  really  been  a  twofold 
increase  in  the  number  of  typhoid  cases  within  the  past  few  years. 
There  has  probably  been  some  increase,  but  I  doubt  if  the  increase 
has  been  am^thing  like  what  it  appears  from  the  statistics  to  have 
'been  this  year.  The  statistics  so  far  show  that  there  have  been 
about  twice  as  many  cases  of  typhoid  fever  in  the  city  as  ever  before. 
In  other  words,  instead  of  being  750  or  800,  there  will  probably  be 

*  Chief  of  the  Bureau  of  Filtration,  Pittsburg.  Pa. 
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reported  1  400  per  100  000,  while  the  deaths  will  remain  about  the 
same  as  heretofore;  that  is.  the  death-rate  this  year  will  be  about 
10  per  cent,  instead  of  15  to  18  per  cent.  The  probable  explanation 
is  that  it  is  popular  now  to  report  diseases  as  typhoid  which  ai-e 
doubtful;  and  formerly  not  all  were  reported  which  should  have 
been,  and  it  shows  that  it  is  not  always  safe  to  trust  statistics  unless 
one  knows  the  facts. 

The  President.  That  api)lies  to  cases  rather  than  to  deaths^ 
because  deaths  are  much  more  accui-atcly  reported. 

Mr.  Charles  R.  Feltox.*  It  is  astonishing  how  closely  you  may 
predict  from  a  population  curve  what  the  future  population  of  a 
city  will  be,  at  least  we  have  found  it  so  in  Brockton.  We  have  had 
a  curve  plotted][for  several  years,  and  have  come  remarkably  close 
in  our  predictions  on  the  last  three  censuses.  Just  prior  to  our  last 
census  the  reporters,  in  attempting  to  forecast  what  it  would  show, 
interviewed  mej^and  I  simply  referred  to  the  chart  and  predicted  a 
population  of  48  000.  After  the  first  returns  came  in  the  repoilers 
joked  me  a  little  on  having  missed  it  because  I  was  IS  off.  I  said 
there  must  be  some  mistake,  and  our  later  returns  ga\-e  us  within  6 
of  my  figure. 


*  City  Engineer,  Brockton,  Mass. 
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ON  THE  PROTECTION  OF  PUBLIC  WATER  SUPPLIES 
FROM  POLLUTION  DURING  THE  CONSTRUCTION, 
MAINTENANCE,  AND  OPERATION  OF  RAILROADS, 
WITH  SPECIAL  REFERENCE  TO  THE  W^ATER  SUPPLY 
OF  SEATTLE,  WASHINGTON;  TOGETHER  WITH 
CRITICISMS  OF  THE  PRESENT  ]\IETHODS  OF  WATER 
SUPPLY   AND    SEWERAGE    OF    RAILWAY   TRAINS. 

BY     WILLIAM    T.     SEDGWICK,     PROFESSOR    IN     THE     MASSACHUSETTS 
INSTITUTE    OF   TECHNOLOGY,    BOSTON,    MASS. 

[Read  September  14,  1906.] 

In  an  address  before  the  New  England  Railroad  Club,  in  Boston, 
in  November,  1899,  the  author  drew  the  attention  of  railway 
managers  to  the  unsanitary  and  objectionable  practice  of  allowing 
the  droppings  of  the  closets  of  passenger  cars  to  be  scattered  all 
along  the  lines,  polluting  the  trucks  and  roadbed,  and  to  a  greater 
or  less  extent  the  air,  the  soil,  or  water  in  the  vicinity.  Since 
that  time  other  writers  have  touched  on  the  same  subject,  but 
for  one  reason  or  another  it  has  as  yet  received  but  little  attention. 

Railways,  both  steam  and  electric,  in  rapidly  increasing  numbers, 
have  been  constructed,  maintained,  and  operated  upon  the  collect- 
ing grounds,  alongside  the  i3rincipal  tributaries,  and  even  over 
portions  of  the  storage  reservoirs,  of  numerous  water  supplies, 
without  exciting  more  than  occasional  comment  or  protest. 
Suddenly  and  unexpectedly  within  the  last  few  months  the  whole 
subject  has  been  brought  to  the  front  by  the  proposed  construction 
of  a  great  transcontinental  railway  close  alongside  a  mountain 
stream  used  without  filtration  or  storage  as  the  water  supply  of  a 
large  and  rapidly  growing  American  city,  namelj',  the  city  of 
Seattle,Washinoton.  The  Chicago,  Milwaukee  &  St.  Paul  Railway, 
in  seeking  entrance  to  Seattle,  after  having  selected  the  Snoqualmie 
Pass  as  the  proper  place  for  crossing  the  lofty  Cascade  Mountains, 
found  the  best  route  from  the  pass  to  that  city  to  be  one  which 
for  11  miles  runs  through  the  valley  and  very  near  the  shores  of 
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(^cclar  River,  the  source  of  the  puhhc  water  supply  of  Seattle. 
as  shown  on  the  map,  Fig.  1.  Much  of  the  land  bordering 
Cedar  River  is  owned  by  the  city  of  Seattle,  having  been  pur- 
chased under  the  advice  of  its  able  and  intelligent  city  engineer, 
Mr.  R.  H.  Thomson,  for  the  express  purpose  of  protecting  the 
watershed.  Hence  it  became  necessary  for  the  railroad  to  obtain 
from  the  city  a  right  of  way  over  this  land.  This  was  arranged 
to  be  done  by  means  of  an  ordinance  rec[uiring  the  mayor  to 
sign  deeds  for  such  a  right  of  way  100  feet  wide  and  11  miles 
long  through  the  watershed  and  for  most  of  the  w'ay  very  near 
the  river.  Such  an  ordinance  was  accordingh'  drawn  up,  passed 
by  the  city  council  on  ^lay  21,  and  approved  by  the  mayor  on 
June  5  of  the  present  year  (1906). 

This  ordinance  marks  the  beginning  of  a  new  epoch  in  the 
relation  of  railways  to  public  water  .supplies,  and  hence  deserves 
thorough  and  careful  consideration.  As  far  as  I  am  aware,  it  is  the 
first  example  on  record  of  the  frank  recognition  of  the  dangers 
involved  in  the  construction,  maintenance,  and  operation  of  a 
railway  along  the  shores  of  a  public  water  supply,  together  with 
explicit  and  extensive  provisions  for  meeting  them.  I  make  no 
apology,  therefore,  for  quoting  from  it  at  length.     It  is  entitled: 

"  Ordinance  No.  13  836. 

"  An  ordinance  granting  to  the  Chicago,  ^lilwaukee  &  St.  Paul 
Railway  Company  of  Washington,  its  successors  and  assigns,  a 
right  of  way  one  hundred  (100)  feet  in  width  for  the  location, 
construction,  maintenance,  and  operation  of  a  railroad  across 
and  through  lands  owned  by  the  city  of  Seattle,  in  the  county  of 
King,  state  of  Washington,  and  authorizing  the  execution  and 
delivery  of  a  conveyance  of  such  right  of  way.  Be  it  ordained 
by  the  city  of  Seattle  as  follows: 

"  Section  1.  That  there  be,  and  hereby  is,  granted  to  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  Company  of  Washington, 
its  .successors  and  assigns,  a  right  of  way,  in  perpetuity,  for  the 
location,  construction,  maintenance,  and  operation  of  a  railroad 
upon,  across,  and  through  the  lands  owned  by  the  city  of  Seattle. 
in  the  county  of  King,  state  of  Washington,  one  hundred  (100) 
feet  in  width,  being  fifty  (50)  feet  of  such  width  on  each  side  of 
the  center  line  of  the  railroad  of  said  company  as  located  and 
staked  out  upon  the  ground,  which  lands  are  drscribed  as  follows, 
to  wit:  .   .   . 
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"  Provided,  however,  that  nothing  in  this  ordinance  contained 
shall  be  construed  to  grant  any  right  to  said  railway  company, 
its  successors  or  assigns,  to  occupy  or  use  the  bed  of  the  stream 
of  Cedar  River,  or  any  portion  thereof,  or  any  of  its  tributaries, 
except  so  far  as  herein  authorized  for  the  purpose  of  constinicting 
and  maintaining  bridges  across  said  river  or  for  the  purpose  of 
constructing  and  maintaining  embankments  for  the  roadbed  of 
said  railroad. 

"  Sect.  2.  The  grant  of  the  right  of  way  herein  contained  is 
upon  and  subject  to  the  following  conditions,  to  wit: 

"  1.  Said  grantee  shall  begin  the  constz'uction  of  its  railroad 
upon  the  right  of  way  herein  granted  within  one  (1)  year 

"  2.  No  station  shall  be  established  or  maintained  by  said 
railway  company,  its  successors  or  assigns,  between  the  city 
intake  and  the  easterly  terminus  of  the  right  of  way  herein  granted 
without  the  consent  of  the  city  of  Seattle  first  having  been  granted 
by  ordinance. 

"  3.  While  the  said  right  of  way  is  being  cleared  and  prepared, 
and  during  the  constiTiction  of  said  railroad  thereon,  the  camps 
or  living  cjuarters  of  the  men  engaged  in  such  work,  and  the  ac- 
commodations for  any  animals  employed  thereon,  shall  be  located 
and  maintained  at  such  distance  from  said  Cedar  River,  in  good 
sanitary  condition,  as  shall  be  approved  by  said  city  of  Seattle. 

"  4.  The  grantee,  its  successors  and  assigns,  shall  locate  the 
living  quarters  of  any  and  all  employees  engaged  in  the  care  and 
maintenance  of  the  railroad  constructed  upon  the  right  of  way 
herein  granted,  or  in  the  operation  and  maintenance  of  any  side 
or  passing  tracks,  water  tanks,  telegraph  or  block  signal  stations 
or  towers,  or  other  appliances,  constioicted  and  maintained  upon 
said  right  of  way,  at  such  distance  from  Cedar  River  as  shall  be 
approved  by  the  city  of  Seattle,  and  shall  maintain  such  living 
quarters  in  good  sanitary  condition. 

"  5.  The  said  city  of  Seattle  may  employ  an  inspector  to  patrol 
or  inspect  the  work  of  constiTiction  of  the  said  railroad  upon  said 
right  of  way  for  the  purpose  of  ascertaining  whether  said  work 
is  being  prosecuted  in  accordance  with  the  conditions  herein  con- 
tained, and  said  grantee  agrees  to  pay  the  cost  of  such  inspection." 

Then  follows  a  location  of  the  bridges  to  be  built,  with  a  pro- 
vision at  the  end  as  follows: 

"All  bridges  constRicted  upon  said  right  of  way  across  any 
creeks  or  streams  intei'secting  said  right  of  way  shall  be  solid- 
decked  stiuctures,  and  all  bridges,  trestles,  and  approaches  shall 
be  constructed  and  maintained  so  as  to  prevent  an}-  foreign  matter 
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from  dropping  from  engines,  cars,  or  trains  passing  over  the  same 
into  Cedar  Jliver  or  into  the  creek  or  streams  running  into  said 
river. 

"  7.  Said  grantee,  its  successors  and  assigns,  shall  not,  during 
the  construction  of  said  railroad,  or  thereafter  in  the  maintenance 
or  operation  thereof,  place,  throw  or  deposit,  or  permit  the 
placing,  throwing,  or  depositing  in  said  Cedar  River,  or  in  any  creeks 
or  streams  running  into  said  river,  or  upon  any  ground  adjacent 
to  said  river,  an}'  offensive  or  deleterious  matter  which  may  cause 
the  pollution  of  the  waters  of  said  streams,  and  said  grantee,  its 
successors  and  assigns,  shall  at  all  times  maintain  the  right  of 
way  herein  granted,  and  the  railroad  constructed  thereon,  in 
such  manner  as  not  to  cause  any  pollution  to  said  stream."      ^  ^ 

Further  on  is  a  section  in  which  it  is  provided  that  if  the  railroad, 
in  order  to  avoid  curves  of  more  than  3  degrees,  finds  it  necessary 
to  go  into  the  river, — 

''  Embankments  required  for  the  proper  support  of  said  roadbed 
may  be  extended  into  the  bed  of  the  stream,  provided  that  such 
embankments  shall  be  built  of  such  material  and  in  such  manner 
as  to  avoid  pollution  of  the  waters  of  said  river,  and  so  as  to  pre- 
vent the  escape  or  passage  of  offensive  matter  from  or  over  said 
embankments  into  the  said  river." 

Finally,  there  is  a  section  not  only  authorizing  the  mayor  and 
comptroller,  but  directing  them,  "  upon  the  taking  effect  of  this 
ordinance,  to  execute  and  deliver  to  said  grantee  a  deed  conveying 
in  perpetuity  .  .  .  the  right  of  way  herein  granted  .  .  .  for  the 
construction,  maintenance,  and  operation  of  said  railroad.   .   .   ." 

The  ordinance  was  passed  by  the  city  council  on  May  21,  1906, 
and  approved  by  the  mayor  on  June  5.  It  thereupon  became 
incumbent  upon  the  mayor  to  issue  the  deeds  by  which  the  rail- 
road should  acquire  the  right  of  way,  and  it  was  supposed  that 
such  deeds  would  issue  without  delay.  Up  to  this  time  there 
had  been  no  open  opposition  to  the  plan,  the  ordinance  having 
been  prepared  by  the  legal  representatives  of  the  railroad  com- 
pany and  the  city  officials,  acting  together.  I  am  assured  by 
the  railroad  officials  that  it  was  their  intention  to  protect  the 
water  supply  in  every  possible  way,  and  that  they  believed  they 
had  fully  and  adequatelj^  done  so  by  the  provisions  contained  in 
the  ordinance. 
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Not  long  after  the  mayor  had  .signed  the  ordinance,  but  before  he 
had  signed  any  of  the  deeds  conteniphited  under  it.  an  agitation 
arose  in  the  city,  alleging  that  the  water  sui)p]y.  instead  of  being- 
safeguarded  by  the  ordinance,  was  in  reality  seriously  endangered 
by  it,  inasmuch  as  the  building  of  the  railway  must  of  necessity 
bring  into  the  valley  hundi-eds  of  laborers  of  an  uncleanly  type, 
who  would  inevitably  pollute  the  river,  while  its  maintenance 
and  operation  necessarily  involved  the  tempoi'ary  or  permanent 
]M-esence  in  the  watershed  of  section  hands,  signal  men.  trainmen, 
wrecking  gangs,  and  others,  not  to  mention  the  thousands  of 
jxissengers  who  would  annually  travel  on  the  road  and  use  the 
car  closets,  spit  from  the  car  windows,  or  otherwise  contaminate 
the  watei'shed. 

This  agitation  rapidly  grew  to  large  proportions,  being  par- 
ticipated in  by  i:)hysicians.  labor  organizations,  women's  clubs, 
the  Chamber  of  Commerce,  good  government  clubs,  and  other 
public  bodies,  and  before  long  culminated  in  an  order  issued  by 
court  on  application  of  the  King  County  Medical  Society,  com- 
posed of  physicians  in  Seattle  and  vicinity,  restraining  the  ma^'or 
from  signing  the  deeds.  I  am  informed  that  the  legal  repre- 
sentatives of  the  railroad,  who  supposed  that  they  had  amply 
and  even  generously  provided  for  the  protection  of  the  water 
supply,  were  nonplussed  at  this  sudden  outbreak  of  popular 
feeling,  and  unaljle  to  understand  why  it  had  arisen,  or  why  it 
should  have  reached  such  proportions.  Of  the  reality  or  extent 
of  the  objections  there  was,  however,  no  doubt,  and  in  self-defense 
against  the  pojHilar  storm  the  authorities  of  the  railroad  secured 
the  services  of  several  experts  to  investigate  the  subject  and 
report  to  them  upon  the  question  whether  the  railroad  could  or 
could  not  l)e  Iniilt.  maintained,  and  operated  in  Cedar  \'alley, 
as  proposed  under  the  oi-dinance,  without  endangering  the  i)urity 
of  the  pub'ic  water  supply  of  Seattle.  These  incdudetl  .Mr.  J.  W. 
Alvord  civil  engineer,  a  member  of  this  Association;  Profes.sor 
Pannnel.  ol'  the  Iowa  State  University;  Professor  Bissell,  of  the 
Mechanical  ]']ngineering  Depai'tmcnt  of  the  same  institution; 
Prof.  E.  G.  Smith,  of  Beloit  College,  and  afterward  the  writer. 
^Ir.  Alvord,  Professor  Pammel,  and  Pi-ofessor  J^is.sell  in  due  time 
made  their  reports,  and  a  brief  sunmiary  of  Mr.  Alvord's  report 
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ai)penre(l  in  the  Kngineeriny  News,  page  238,  Au,<>;ust  30,1906; 
the  coiiiplete  rei)()rt  follows  as  an  appendix  (A),  paj^e  442,  to  this 
paper.  These  reports  thi'ew  much  litilit  on  the  situation  Init  did 
not  ap]iear  to  the  citizens  to  settle  the  ([uestion,  and  hence  did 
not  calm  the  popular  stoi'ni. 

The  citizens  of  Seattle  had  loni;-  su|)posed  that  in  C'edai'  River 
they  possessed  a  i^erfect  water  sujiply,  for  Cedar  River  is  a  beauti- 
ful stream,  running  through  a  virtually  uninhabited  district,  and 
forming  the  outlet  of  Cedar  Lake,  a  large  sheet  of  water  lying, 
remote  and  almost  inaccessible,  1  500  feet  aljove  the  city  in  the 
Cascade  Mountains.  It  is  suri-ounded  by  mountains  rising  several 
thousand  feet  about  it.  —  a  lake  probably  as  l)eautiful  as  is  Lake 
Oeorge.  When,  therefore.  Mr.  Alvord  showed  that  there  were 
a  numbei-  of  logging  camps  on  the  watershed  with  very  defective 
sanitai'\'  appliances,  practically  draining  directly  into  the  stream 
or  its  tributaries;  when  he  further  showed  that  the  sawmill  camp 
of  Barneston.  having  about  one  hundred  and  twenty  people, 
partly  Asiatics,  connected  with  it,  was  virtually  draining  into 
the  stream,  and  that  similar  nuisances  existed  elsewhere  on 
the  watershed,  the  people  of  Seattle  were  surprised  and  greatly 
annoyed.  Theconcdusion  of  Messrs.  Alvord,  Pammel,  and  Bissell, 
briefly  stated,  was  that  the  water  supply  was  already  far  from 
perfect,  that  the  railroad  ctwld  be  safely  built  through  the  valle}', 
and  that  it  would  not  be  as  much  endangered  by  the  coming  of 
the  railroad  as  it  was  already  endangered  by  existing  nuisances. 

Professor  Smith  arrived  on  the  ground  somewhat  later  than  Mr. 
Alvord.  Professor  Pammel,  and  Profe.ssor  Bissell.  and  proceeded 
to  make  his  own  investigations.  The  author  arrived  later  still,  but 
even  before  he  had  come  the  physicians  and  other  objectors  to  the 
ordinance  had  expressed  their  readiness  to  accept  as  final  the 
opinion  of  any  one  whom  they  considered  as  an  unprejudiced  ex- 
pert, or  of  any  group  of  such  experts,  regarding  the  question  at 
issue.  After  considerable  discussion  and  d.elay  it  was  agreed  on  all 
sides  to  leave  the  settlement  of  the  matter  to  a  commission  con- 
sisting of  Dr.  A.  C.  Abbott,  Professor  of  Hygiene  in  the  University 
of  Pennsylvania  and  health  officer  of  the  city  of  Philadelphia,  on 
behalf  of  the  city  of  Seattle;  Dr.  Charles  Harrington,  Professor 
of  Hygiene  in  Harvard  University,  and  secretary  of  the  State 
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Board  of  Health  of  ^lassacliusetts,  on  behalf  of  the  King  County 
Medical  Society;  and  the  writer,  on  behalf  of  the  railway  com- 
pany. ^Meantime,  Mr.  John  R.  Freeman,  the  eminent  hydrau- 
lic and  sanitary  engineer,  who  fortunately  happened  to  be  passing 
through  Seattle  on  his  way  to  Alaska,  was  prevailed  upon  to  visit 
the  watershed  with  some  of  the  other  experts  and  to  make  a  special 
report  on  the  subject  to  the  State  Board  of  Health  of  Washington 
which,  through  its  energetic  and  able  secretary,  Dr.  E.  C.  Heg, 
had  already  taken  an  active  interest  in  the  problem  and  had  in- 
structed its  engineer.  Prof.  W.  J.  Roberts,  of  Pullman,  Wash.,  to 
make  an  independent  investigation. 

As  a  matter  of  record  and  for  convenience  of  reference,  the 
report  of  the  commissioners,  Mr.  Alvord's  report,  and  Mr.  Free- 
man's report  are  printed  as  appendixes  to  this  paper,  and  since 
these  cover  completely  and  in  detail  all  the  points  at  issue  I  need 
not  here  dwell  further  upon  these.  There  still  remain,  however, 
certain  other  important  aspects  of  the  relation  of  railroads  to 
water  supplies  which  deserve  our  careful  consideration. 

THE    WATER    SUPPLY    AND    SEWERAGE    OF    RAILWAY    TRAINS. 

As  I  have  already  said,  as  long  ago  as  1899  I  urged  the  members 
of  the  New  England  Railroad  Club  to  devise  some  better  methods 
of  disposing  of  excrements  than  those  now  customary  on  railroad 
trains.  I  dwelt  also  at  much  length  upon  the  need  of  improved 
water-supply  arrangements  —  a  subject  which  still  deserves  the 
closest  attention.  Through  cars  are  often  run  great  distances, 
passing  through  various  cities  and  towns  en  route,  and  receiving 
from  time  to  time  fresh  supplies  of  water.  It  may,  therefore, 
easily  happen  that  if  any  one  of  these  supplies  is  impure,  the  water 
tanks  shall  become  contaminated,  and  persons  traveling  in  the  car, 
or  even  joining  it  at  stations  which  have  excellent  water  supplies, 
may  be  exposed  to  the  danger  of  contracting  disease.  I  have  my- 
self had  offered  to  me  in  a  dining  car  in  New  England  a  clayey 
water  which  had  obviously  been  taken  into  the  water  tanks  on  the 
previous  day  when  the  water  supply  of  the  car  had  been  replenished 
in  Washington,  D.  C.  To  a  very  much  less  extent  travelers  may 
be  exposed  to  similar  dangers  from  contaminated  ice. 

The  importance  of    the  distribution    of    contaminated  water 
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from  large  centers  such  as  Chicago,  Cleveland,  Pittsburg,  and 
Washington,  having  now  or  having  recently  had  polluted  water 
supplies,  is  very  great,  and  well  deserves  the  keenest  attention  of 
epidemiologists,  especially  of  those  who  have  been  puzzled  to 
explain  the  excess  of  typhoid  fever  in  the  United  States  over  that 
in  other  civilized  countries,  such  as  England  and  Germany.  At 
the  same  time  the  railroad  companies  can  hardly  be  blamed  for 
filling  their  water  tanks  from  any  accessible  water  supplies  which 
are  locally  deemed  good  enough  for  the  use  of  the  public. 

There  still  remains,  moreover,  a  feature  of  the  method  used  for 
water  supply  within  the  cars  themselves  which  calls  for  serious 
criticism,  and  that  is  the  use  of  the  common  drinking  cup  which 
here,  as  always,  is  a  well-known  sanitary  abomination.  A  dozen 
or  more  years  ago  it  was  the  almost  universal  custom  on  American 
railways  for  one  of  the  brakemen  to  carry  through  the  cars  a  tin 
can  to  which  were  attached  a  couple  of  removable  cups  or  glasses. 
These  were  used  in  turn  by  thirsty  passengers  who  remained  in 
their  seats,  the  glasses  being  filled  for  them  by  the  brakeman  as  he 
paused  for  the  purpose.  This  practice  is  now  largely  done  away, 
and  in  its  place  a  single  cup  or  glass  is  kept  under  a  fixed  water 
tank,  from  which  a  jet  of  water  can  readily  be  drawn  into  the  cup 
or  tumbler,  which  is  thus  intended  to  serve  the  wants  of  the  popu- 
lation of  an  entire  car.  Any  one  who  thinks  that  this  plan  of 
meeting  the  water-supply  needs  of  a  large  number  of  people  of  all 
sorts  is  either  attractive  or  wholesome,  has  only  to  sit  near  the 
water  tank  of  a  crowded  excursion  train  on  some  hot  summer  da}', 
especially  if  the  car  is  filled  with  mothers  and  young  children,  in 
order  to  be  quickly  convinced  that  a  reform  is  here  urgently  de- 
manded. Few  things  are  more  trying  to  a  sanitarian  than  to  observe 
a  series  of  thirsty  passengers  of  all  degcees  of  cleanness  and  unc lean- 
ness applying  their  lips  in  succession  to  one  and  the  same  tumbler 
which  is  seldom,  if  ever,  even  rinsed  between  times.  Wholly  apart 
from  the  question  of  the  quality  of  the  water  furnished,  the 
opportunity  here  provided  for  the  exchange  of  disease  germs  must 
be  apparent  to  any  one,  and  I  need  not  further  enlarge  upon 
this  custom,  which  is  both  familiar  and  disgusting. 

A  remedy  might  easily  be  found  by  having  the  faucet  of  the 
water  tank  bent  upward  and  provided  with  a  special  orifice  so 
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that  a  small  jet  should  rise  for  an  inch  or  so  above  its  tip,  thereby 
furnishino;  a  "  sanitary  fountain  "  similar  to  those  which,  in 
increasing  numbers,  are  being  pi-ovided  in  parks,  playgrounds^ 
gymnasia,  schools,  and  other  places  where  many  persons  must, 
of  necessity,  drink  from  a  common  supply.  Travelers  should 
also  be  encouraged  to  bring  with  them  on  railways  their  own 
private  drinking  cups. 

Criticisms  have  frecjuently  Ijcen  made  of  the  filling  of  the  water 
tanks  and  the  handling  of  broken  pieces  of  ice  for  the  tanks  by 
employees  whose  hands  are  far  from  clean,  and  it  must  be  admitted 
that  the  whole  matter  of  the  water  supply  and  ice  supply  of 
passenger  trains  frequently  leaves  much  to  be  desired  in  the  way 
of  sanitary  improvement. 

.^.s  for  the  sewerage  of  trains,  within  a  few  years,  and  from 
motives  of  mere  decency,  the  custom  has  become  general  of 
locking  the  closets  for  the  purpose  of  excluding  passengers  from 
them  on  trains  approaching  or  standing  at  important  stations,  a 
practice  which,  as  will  be  explained  beyond,  wdiile  certainly  con- 
tributing to  the  cleanness  of  the  station  platforms,  is  decidedly 
objectional^le  on  hygienic  grounds.  Only  in  very  rare  cases, 
however,  so  far  as  I  am  aware,  are  the  closets  of  the  numerous 
passenger  trains  on  a  great  trunk  line  kept  locked  for  several 
miles  while  approaching  and  after  leaving  a  station,  not  for 
decency's  sake  l)ut  in  order  to  protect  a  public  water  supply. 

Near  the  city  of  New  Haven,  Conn.,  many  travelers  have 
noticed  that  the  closets  on  the  Pullman  and  other  cars  going  east 
are  kej)t  locked  aftei'  leaving  that  city  until  I^ranfoi'd,  nine  miles 
away,  has  been  passed.  Going  west,  the  closets  are  locked  as 
the  trains  approach  Branford  and  are  not  unlocked  until  after 
leaving  the  New  Haven  station.  I  am  informed  that  the  reason 
for  this  practice  is  that  some  two  or  three  years  ago  inspectors 
employed  ])y  the  New  Haven  Water  Company,  while  patrolling  the 
Lake  Saltonstall  watershed  near  l^i'anfoi'd,  observed  and  reported 
upon  the  pi'esence  of  fecal  matter  on  the  rails  or  roadbed,  very 
near  the  intake  of  the  Lake  Saltonstall  supjjly  of  the  water 
comi)any.  which  company  tliereujx)!!  complained  to  the  railway 
officials. who  issued  an  order  i'(^quiring  all  closets  to  be  kept  locked 
on  trains    traveling:  between   Pn-anford  and  New  Haven.     I  am 
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also  informed  that  a  similar  rule  requires  the  locking  of  all  closets 
on  trains  on  the  Northampton  Division  of  the  same  road  between 
New  Haven  and  C'heshii-e,  a  distance  of  fifteen  and  one-half  miles, 
for  the  better  protection  of  another  supply  of  the  New  Haven 
Water  Company,  the  Lake  Whitney  supply. 

1  have  been  unable,  howcn-ei',  to  find  that  any  similar  precau- 
tions are  taken  in  regard  to  freight  trainmen.  On  tlie  contrary, 
inquiries  have  shown  that  on  our  eastern  railroads  the  freight 
brakemen  and  trainmen  have  to  get  along  the  Ijest  way  they  can 
in  answering  the  calls  of  nature.  I  am  told  that  in  the  West 
there  is  generally  a  closet  in  the  ca])00se  for  the  use  of  these  men, 
but  that  near  Boston  the  crews  of  freight  trains  either  make  use 
of  empty  l)ox  cars,  which  they  defile  at  their  convenience  or 
necessity,  or  of  the  coal  ])ile  in  the  tender;  or  that,  when  taken 
hurriedly,  they  even  use  as  a  seat  the  couplings  or  l)ars  connecting 
the  cars  —  obviously  an  uncomfortable  and  dangerous  practice, 
especially  when  the  train  is  moving  rapidly.  All  of  these  facts 
further  illustrate  the  crudity  and  primitive  character  of  the 
sanitar}'  arrangements  of  our  American  railway  trains,  for,  obvi- 
ously, no  occasional  locking  of  closets  on  passenger  trains  will  ever 
be  more  than  a  partial  and  very  superficial  remedy  of  the  present 
crying  evils. 

The  New  Haven  case  is  the  only  one  of  which  1  have  heard  in 
which  definite  fecal  pollution  of  the  rails  was  observed  near  a 
water  supply,  or  in  which  any  similar  oliservation  led  to  an 
immediate  attempt  at  reform.  I  have  recently  learned,  however, 
from  ^Ir.  R.  W.  Pratt,  chief  engineer  of  the  State  Board  of  Health 
of  Ohio,  of  a  case,  not  exactly  identical  with  the  New  Haven  case, 
but  so  nearly  in  the  same  category  that  I  have  asked  him  to  give 
me  a  statement  of  it,  which  he  has  kindly  done,  and  which  he 
permits  me  to  quote  hei-e: 

'•  The  village  of  Plymouth,  Ohio,  has,  until  I'ecently,  used  as  a 
partial  source  of  water  supply  a  small  tributary  of  the  Huron 
River.  Water  was  taken  at  a  point  a  short  distance  southeast 
of  the  village,  immediately  north  of,  and  very  near,  the  Northern 
Ohio  Railroad  l)ridge,  which  spans  this  tributary  stream  or  ci-eek. 
Two  hundred  feet  west  of  the  creek,  and  twenty  or  thirty  feet  above 
it,  adjacent  to  the  railroad,  is  a  water  tank  used  for  railroad  pur- 
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poses.  A  small  gully  runs  from  the  tank  to  the  stream,  which 
it  enters  just  above  the  intake. 

•'  In  June,  1905,  during  an  inspection  of  the  public  water  supply 
by  a  representative  of  the  Ohio  State  Board  of  Health,  an  east- 
bound  train,  composed  of  freight  cars,  cattle  cars,  and  one  passenger 
coach,  stopped  at  the  tank  to  take  water.  After  filling  the  loco- 
motive tender,  the  train  slowly  passed  on  to  such  a  point  that 
the  forward  cattle  car  was  brought  directly  opposite  the  tank. 
The  day  being  hot,  the  animals  were  badly  in  need  of  water.  In 
order  to  water  them,  a  brakeman  swTing  the  spout  of  the  water 
tank  directly  into  the  car,  turned  on  the  water  and  signaled  for 
the  locomotive  to  move  slowly  forward.  •  By  this  procedure  the 
cattle  and  hogs  in  the  several  cars  were  given  a  generous  shower 
bath,  while  much  of  the  accumulated  filth  in  the  bottom  of  the 
cars  was  flushed  out  into  the  gully  by  the  side  of  the  track,  through 
which  it  flowed  rapidly  down  to  the  creek,  quickly  entering  the 
latter  at  a  point  not  more  than  fift}'  feet  above  the  intake  of  the 
Plymouth  water  supply. 

''  Inquiry  showed  that  this  was  a  common  practice  on  the  part 
of  the  railroad  men  during  warm  weather.  It  should  be  added, 
however,  that  the  railroad  officials,  when  the  matter  was  brought 
to  their  attention,  agreed  to  see  that  the  practice  was  discontinued; 
and  that  the  village  has  recently  taken  steps  to  procure  a  sufficient 
water  supply  from  other  sources,  so  that  the  use  of  the  creek 
water  will  not  be  necessary  in  the  future." 

This  case  seems  to  me  to  be  a  very  important  contribution  to 
the  literature  on  this  subject,  which  at  best  is  but  scanty,  for  I 
may  say  parenthetically  that  I  have  examined  English  and  Ger- 
man authorities  and  have  found  nothing  of  any  consequence  in  them 
on  this  subject.  One  would,  perhaps,  not  expect  to  find  much  in 
such  works,  because  foreigners,  as  a  rule,  use  closets  at  stations, 
leaving  the  trains  when  necessary  for  that  purpose.  It  is,  gen- 
erally speaking,  only  on  the  fastest  trains  that  closets  are  provided, 
and  from  a  German  work  on  railway  hygiene,  published  in  1904,  it 
appears  that  the  discharge  pipes  from  the  closets  of  German 
express  trains  discharge  their  droppings  upon  the  roadbed  pre- 
cisely as  ours  do. 

Finally,  quite  apart  from  the  matter  of  sewage  disposal,  let  us 
consider  briefly  the  hygienic  aspect  of  locked  closets  on  railways. 
In  the  first  place, 'although  it  is  true  that  our  commission  recom- 
mended the  locking  of  the  closets  while  trains  were  going  through 
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the  Seattle  watershetl,  we  did  not  depend  upon  such  locking  as 
an  entire  safeguard,  and  1  do  not  believe  that  locking  ever  will  be 
a  complete  safeguard.  There  are  times  when  people  are  ill,  when 
they  simply  must  get  access  to  the  closets.  There  are  times  when 
persons  so  imperatively  require  to  get  into  the  closets  that  they 
will  tip  the  porter  heavily,  or  do  almost  anything,  in  order  to 
obtain  admittance.  And  they  ought  to  obtain  entrance.  It  is  a 
hardship,  and  worse,  not  to  allow^  access  to  the  closets,  the  locking 
of  which  must  be  pronounced,  once  and  for  all,  an  imperfect,  crude, 
and,  not  infrequently,  an  absolutely  barbarous  device.  The  prac- 
tice is  i-ude  and  unhj'-gienic,  even  in  its  least  objectionable  form  of 
locking  the  closets  only  w^hile  the  train  halts  at  stations.  For  any 
longer  period,  as  for  example,  while  trains  are  covering  the  distance 
from  New  HaA^en  to  Cheshire  or  New  Haven  to  Branford  or  vice 
versa,  it  is  inuch  worse. 

Moreover,  the  practice  is  not  only  barbarous  and  unhygienic,  it 
is  often  ineffective.  How  is  anybody  going  to  be  driven  out  of  a 
closet  at  the  right  time  if  he  is  already,  in  it  before  the  train  arrives 
at  New  Haven  going  east,  or  at  Branford  going  west?  I  have  my- 
self, while  observing  the  actual  working  of  this  regulation,  been 
informed  by  a  porter  as  we  passed  by  the  New  Haven  intake  near 
Branford  that  he  could  not  lock  a  closet  as  "  there  is  somebody 
in  it."  The  regulation  is  clearly  ineffective  and  unworthy  of 
modern  industrial  organization.  It  must  be  done  aw^ay  with, 
and  that  at  the  earliest  possible  moment. 

As  to  the  dropping  of  the  excreta  through  the  discharge  pipe 
upon  the  roadbed,  this,  also,  is  a  crude,  unsatisfactory,  and 
unsanitary  way  of  disposing  of  excreta  on  trains.  At  best  it 
necessarily  soils  the  track  and  the  trucks,  for  the  section  hands 
and  others  to  walk  or  to  work  upon;  it  sometimes  endangers  public 
supplies  of  water;  it  alwaj's  pollutes  the  air,  and  under  some 
circumstances,  by  being  carried  by  section  laborers  or  others  on 
their  hands  to  their  homes,  endangers  persons  not  immediately  in 
contact  with  the  roadbed  or  rolling  stock. 

But,  it  will  be  asked,  what  can  be  done  about  the  matter?  The 
answer  is  that  the  time  has  come  when  we  must  insist  that  if  a  rail- 
road company  finds  it  practicable  to  carry  large  iron  tanks  under 
passenger  cars  for  gas  or  for  refrigerator  purposes,  it  can  and  must 
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also  cany  there  an  iron  tank  for  sewage.  If  for  any  reason  this 
is  impracticable,  earth  closets  with  pails  frequently  changed  may 
be  used.  Railroads  must  somehow  cease  distributing  fecal  and 
urinary  matters  all  along  their  lines.  The  closets  ought  not  to  be 
shut  up,  either  at  stations  or  anywhere  else,  so  that  the  all- 
important  personal  hygienic  requirements  are  defeated.  The 
sewage  tanks  or  pails  could  be  emptied  at  selected  places,  either 
at  the  end  of  the  run  or,  on  long  runs,  at  principal  stations,  pre- 
cisely as  water  and  gas  are  now  taken  into  special  tanks  at  princi- 
pal stations.  Of  course  there  would  have  to  be  disinfection  from 
time  to  time,  and  some  trouble  would  have  to  be  taken  to  see  that 
the  sewage  tanks  were  kept  clean  and  free  from  smells,  but  this 
could  be  done  and  ought  to  be  done.  At  any  rate,  something 
different  from  the  present  cmde,  disgusting,  and  dangerous  practice 
must  be  devised.  And,  where  railroads  run  over  or  very  near  water 
supplies,  as  they  often  do  and  often  must,  if  common  decency  and 
the  comfort  of  the  men  are  not  enough  to  secure  it,  some  pro- 
vision must  also  be  required  for  the  convenience  of  freight  train- 
men. Upon  wrecking  trains  and  repair  trains  it  would  be  easy 
enough  to  carry  a  portable  closet,  or  a  fixed  pri\-y  with  earth 
closet  beneath,  so  that  all  excrements  should  later  be  carried 
off  from  the  watershed  and  deposited  at  a  distance. 

I  am  aware,  of  course,  that  tanks  underneath  the  cars  would, 
in  winter,  be  exposed  to  freezing,  and  that  special  pains  would 
have  to  be  taken  to  prevent  this.  It  will  not  be  as  easy,  certainly, 
to  get  rid  of  the  excreta  in  a  decent  and  scientific  way,  as  it  is 
simply  to  let  them  drop  down  through  a  hole  in  the  floor;  but  we 
have  got  through  dropping  excreta  in  that  way  in  our  houses  and 
hotels,  and  we  must  stop  doing  it  in  our  traveling  houses  or 
hotels,  that  is,  in  our  passenger  cars.  Water-works  authorities, 
especially,  must  insist  that  whenever  a  railroad  passes  over  a 
watershed  it  shall  be  subject  to  regulations  regarding  the  discharge 
of  excreta  not  less  stringent  than  those  which  would  be  applied  to  an 
hotel  or  other  place  of  public  resort  situated  on  the  same  watershed. 


(As  this  paper  is  passing  through  the  press,  my  attention  is 
drawn  to  a  newspaper  statement  touching  another  aspect  of  the 
sanitation  of  railway  trains,  namely,  their  garbage  disposal: 
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"  It  was  a  surprise  to  me  last  week  to  see,  just  below  the  pic- 
turesque stone  bridge  which  crosses  the  main  street  of ,  a  trap 

for  maladies  of  some  sort,  if  not  for  typhoid.  On  the  narrow 
roadbed,  and  almost  covering  the  railway  tracks,  were  strewn 
refuse  of  all  kinds,  soiled  papers,  fragments  of  cooking  —  in  short, 
all  the  debris  of  human  life  that  makes  excellent  food  for  pigs, 
with  streams  of  dirty  watei-  forming  pools  that  might  sink  into 
the  soil  eventually,  but  at  present  were  stagnant.  The  spectacle 
gave  me  a  jolt.     It  was  so  foreign  to  the  general  impression  one 

receives  of  prosperous above  ground,  and   it  was  wondered 

how  such  a  garbage  hole  could  ever  be  overlooked  by  the  powers 
that  be.  No  doubt  this  blot  on  the  raili-oad  baidvs  has  escaped 
the  management's  eagle  eye." 

Doubtless  some  of  the  employees  upon  dining  cars  and  othei' 
departments  of  railway  service  look  upon  railways  very  much 
as  some  Americans  look  upon  their  streets,  namely,  as  being 
practically  waste  baskets,  garbage  pails,  and  sewers.  In  all  these 
matters  our  people  are  generally  uneducated  and  careless.  In 
the  city  of  Boston  the  police  commissioner  has  lately  set  a  com- 
mendable example  by  ordering  the  arrest  of  all  persons  misusing 
the  public  ways  in  the  manner  just  described,  and  a  similar 
solicitude  for  the  sanitary  care  of  our  railways  on  the  part  of 
railroad  officials  would  doubtless  effect  a  corresponding  reform.) 
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APPENDIX  A. 

Report  to  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
Company'  of  Washington,  upon  the  Sanitary  Situation 
Created  by  the  Proposed  Construction,  Maintenance, 
AND  Operation  of  its  Line  through  a  Portion  of  the 
Collecting  Grounds  of  the  Public  Water  Supply  of  the 
City'  of  Seattle. 

BY  JOHN  W.   ALVORD,  CONSULTING  ENGINEER. 

At  your  request  I  have  examined  a  large  portion  of  the  Cedar 
River  watershed,  the  projected  line  of  your  railway,  and  the 
sanitary  situation  occasioned  by  its  construction  and  operation. 
For  this  purpose,  in  company  with  Professor  Bissell  and  Professor 
Pammel,  of  Ames,  la.,  a  week  was  spent  in  an  examination  of 
the  territory  in  question. 

During  this  trip  we  were  accompanied  by  the  division  engineer 
of  your  company,  Mr.  Wilson,  who  pointed  out  the  proposed 
location  of  the  track  from  the  company's  plans  and  profiles.  On 
Monday,  the  16th  of  July,  we  entered  the  watershed  by  way  of 
North  Bend,  examined  the  sanitary  situation  at  the  city's  power 
house,  and  from  thence  drove  up  to  the  outlet  of  Cedar  Lake, 
examining  its  shores  in  the  vicinity  of  the  outlet  and  at  the  outlet 
works  in  general.  We  then  returned  to  the  power  house  and 
commenced  a  detailed  examination  of  the  located  line  of  your 
railroad  from  the  power  house  to  the  city  intake,  measuring  at 
frequent  intervals  the  distances  of  the  center  line  of  the  right  of 
way  from  the  water's  edge, 'noting  the  soil  conditions  and  other 
data.  That  portion  of  the  line  between  the  power  house  and 
Barneston  is  quite  accessible  for  examination  and  was  easily 
covered  in  the  afternoon  of  the  16th. 

difficult   TO    TRAVERSE. 

We  spent  the  night  of  the  16th  at  Barneston,  and  the  next 
morning  continued  down  the  line  of  the  right-of-way  from  Barnes- 
ton to  the  city's  intake.     This  portion  of  tlie  line  is  inaccessible 
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and  (litliciilt.  the  surveyors'  line  passing;  through  heavy  timber 
and  dense  underbrush  and  over  many  fallen  logs  and  other  im- 
pediments. The  night  of  the  17th  we  spent  at  Ravensdale,  and 
on  tlie  morning  of  the  ISth  took  horses  for  Kangley,  noting  soil 
conditions,  habitations  and  other  data  at  that  point,  and  the  ter- 
minus of  an  interesting  creek  which  lost  itself  in  the  porous  soil 
just  west  of  tliat  station.  We  spent  the  night  of  tiie  ISth  at 
Barneston. 

On  the  19th  we  proceeded  afoot  by  forest  trail  to  the  line  of  the 
Columbia  &  Puget  Sound  Railway,  near  Weyei'hauser's  logging 
camp  No.  4.  From  there  we  proceeded  to  the  Denny-Clay 
Company's  works,  the  logging  camps  in  the  immediate  vicinity, 
and  the  settlement  at  Sherwood.  We  continued  from  there  to 
Walsh  Lake  and  returned  to  Barneston  that  night.  On  the  20th 
we  covered  the  territory  drained  by  Taylor  Creek,  visiting  Miller's 
logging  camps  Nos.  3,  o,  and  6,  also  the  intake  and  dam  of  the 
Barneston  water  supply  on  Taylor  Creek  and  the  shingle  mill 
about  a  mile  south  of  Barneston.  On  the  21st  Ave  noted  the  sani- 
tary conditions  aroimd  Barneston,  and  took  the  train  for  Seattle. 

At  the  time  the  Seattle  water  Avorks  were  first  constructed  I 
also  visited  this  watershed  in  the  interests  of  those  who  were 
expecting  to  take  the  bonds  of  the  project,  becoming  fairly  famil- 
iar Avith  the  topogra])hic  conditions  of  that, section. 

THE    AVATERSHED. 

The  Avatershed  of  the  Cedar  RiA-er  abo\-e  the  intake  appears  to 
be  one  of  the  most  extensiA-e  areas  of  porous  soil  utilized  for  natural 
filtration  of  a  public  Avater  supply  Avhich  it  has  eA'er  been  my  for- 
tune to  obserA'e.  The  glacial  drift  of  Avhich  it  is  composed  con- 
sists of  coarse  and  fine  graA'els  intermingled  to  a  depth  of  some 
hundreds  of  feet.  We  looked  in  vain  for  traces  of  clays  or  finer 
soils.  The  surface  mold  is  thin  for  the  most  part,  and  the  le\^el 
of  the  soil  Avater  on  the  benches  and  plateaus  hixck  from  the  riA^er 
is  evidently  at  a  great  distance  beloAv  the  surface,  as  indicated  by 
the  location  of  springs  and  the  depth  of  the  eroded  streams. 
There  is  little  or  no  surface  run-off  of  the  rainfall.  Numerous 
potholes  exist,  depressions  Avithout  A'isible  outlet,  and  there  Avas 
scarceh'  obserA'ed  a  drA'  run  of  anA'  kind,  or  riA-ulet.  save  those  of 
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running  streams.  feAv  in  number,  which  were  marked  upon  our 
map. 

The  unusual  porosity  of  the  soil  may  be  best  illustrated  by  the 
statement  that  in  passing  over  the  located  line  of  the  railway, 
eleven  miles  along  Cedar  River,  no  run  or  rivulet  or  surface  indi- 
cation of  wash  of  any  kind  was  observed  leading  into  the  stream, 
which  would  indicate  that  the  rainfall  passed  over  the  surface  of 
the  ground.  We  also  observed  that  in  pa.ssing  over  the  Northern 
Pacific  Railway,  which  crosses  the  watershed  from  north  to  south, 
no  pains  were  taken  by  that  company  to  ditch  its  tracks,  to  provide 
small  culveits,  or  even,  in  the  case  of  very  considerable  depres- 
sions, to  arrange  for  the  passage  of  water  from  one  side  of  its 
embankment  to  the  other.  The  soil,  therefore,  of  this  valley  is 
a  porous  one,  receiving  the  copious  rainfall  of  this  region  and 
largely  absorbing  it.  and  by  slow  percolation  filtering  it  to  an 
unusual  degree,  thus  creating  the  clear  streams  and  exceptionally 
pure  water. 

POPULATION    OF    THE    WATERSHED. 

As  nearly  as  our  inquiries  could  determine,  the  population  of 
this  watershed  is  about  1  500  people,  mostly  employees  of  the 
various  logging  companies  living  in  camps  and  concentrated  at 
certain  points  along  the  small  streams  which  are  tributary  to  the 
Cedar  River.  This  class  of  population  is  perhaps  not  the  most 
desirable  from  a  sanitary  point  of  view,  and  their  environment 
and  situation,  as  we  saw  it,  is  not  attractive.  The  camps  are 
serving  generous  quantities  of  food  to  the  men,  much  of  which  is 
wasted,  and  in  order  to  dispose  of  this  refuse  in  any  considerable 
camp  a  dozen  or  more  hogs  are  kept  and  fattened  from  the  garbage 
of  the  cami3.  The  hog  pens  invariably  extend  into  the  running 
stream,  so  that  the  hogs  may  water  there  at  will. 

We  observed  contamination  of  this  character  at  ^Miller's  Camp 
No.  5,  situated  on  the  north  fork  of  Taylor  Creek.  This  camp  is 
working  at  the  ])resent  time  about  60  men.  The  liquid  refuse  of 
the  kitchen  is  delivered  immediately  upon  the  bank  of  the  creek, 
and  the  hog-pen  is  situated  so  that  the  hogs  have  direct  access 
and  were  observed  fouling  the  creek.  The  creek  has  a  flow  esti- 
mated at  from  4^  to  5.\  cubic  feet  a  second,  and  is  distant  from  the 
intake    approximately    lo^    miles,   measured    along  the   flowing 
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streams.  Such  flow  measurements  as  we  made  indicated  that 
the  rapidity  of  the  stream  Avas  in  no  case  less  than  a  mile  an  hour, 
and  often  exceeded  2  miles  an  hour,  the  fall  being  very  great. 

LOIJCKHS   POLI.TTK  TIIK   WATKR. 

At  Miller's  Camj)  No.  3,  working  now  about  15  or  IS  men,  there 
were  two  privies  and  a  garbage  pile  in  the  immediate  vicinity  of 
the  stream,  so  situated  as  to  pollute  the  same.  An  old,  abandoned 
camp  in  the  northern  part  of  section  30,  township  22,  range  8  east, 
showed  traces  of  pollutions  in  the  vicinity  of  Taylor  Creek  in  the 
shape  of  carcass  remains,  garbage  piles,  and  privies.  This  camp 
was  about  400  feet  from  the  stream,  howe\'er,  the  ground  sloping 
down  to  the  creek. 

Miller's  Camp  No.  6.  working  65  men,  is  situated  upon  a  side 
hill  a  considerable  distance  from  running  water,  the  water  supply 
being  pumped  up  from  a  spring  some  2  000  feet  lower  down  upon 
the  slope.  Pollutions  at  this  camp,  which  were  similar  in  all 
respects  to  the  other  camps  observed,  would,  therefore,  not  be  a 
sanitary  menace.  At  Kangley  there  are  habitations  and  a  saw- 
mill, and  the  pollutions  similar  in  all  respects  to  the  other  camps 
observed  were  drained  by  a  flowing  brook  running  past  the  station. 
This  stream  pursues  its  course  to  a  point  about  one-half  mile  below 
the  station,  and  although  flowing  an  amount  of  water  estimated 
at  8  or  10  cubic  feet  per  second,  disappears  entirely  into  the 
porous  soil  and  sink-holes  in  that  vicinity. 

At  Weyerhauser's  Camp  No.  4,  situated  on  a  stream  flowing 
about  5  cubic  feet  per  second  and  running  into  Rock  Creek,  there 
is  a  logging  camp,  with  some  6  bunk-houses  located  immediately 
over  the  brook,  and  garbage  piles  and  privies  immediately  adja- 
cent to  the  same.  Below  the  camp  a  hog  pen,  containing  15  hogs, 
was  so  situated  that  the  stream  was  enclosed,  creating  conditions 
which  were  far  from  desirable.  The  distance  from  this  source  of 
l^ollution  to  the  intake,  measured  along  the  line  of  the  flowing 
stream,  is  5}  miles. 

At  the  Denny  Clay  Compan}''s  works  we  were  told  that  there 
were  about  100  men  at  work  and  probably  500  people  in  the  A-icin- 
ity.  There  are  perhaps  25  houses  of  all  kinds,  besides  the  com- 
pany's plant,  including  a  considerable  camp,  sewered  into  a  small 


446  POLLUTiox  OF  WATEK  supplif:s  by  railroads. 

rivulet  flowing,  at  the  time  of  our  visit,  perhaps  H-  cubic  feet  per 
second,  and  draining  into  Webster  Creek. 

Proceeding  down  to  Walsh  Lake  we  found  upon  its  banks  a  log- 
loading  outfit  immediately  adjacent  to  the  mouth  of  Webster 
Creek.  We  observed  at  this  point  that  the  loggers  themselves 
were  not  in  the  habit  of  drinking  the  water  from  this  brook,  but 
obtained  their  drinking  water  from  a  spring  some  twenty-five 
minutes'  walk  up  the  railroad.  Walsh  Lake  has  fairly  good 
shores,  although  considerable  decaying  timber  is  found  about  the 
lake,  as  is  the  case  with  all  other  lakes  and  streams  in  this  countr}'. 
Three  habitations  were  observed  on  the  opposite  banks  of  the 
lake  which  appeared  to  be  occupied.  Each  habitation  was  pro- 
vided with  barns,  etc.,  which  apparently  drained  into  the  lake. 
Persons  were  observed  bathing  on  the  opposite  shore  of  the  lake. 
A  little  farther  south  from  the  outlet  of  Webster  Creek  is  another 
log-loading  outfit,  working  about  50  men.  The  outlet  of  Walsh 
Lake,  meeting  the  stream  which  flow^s  by  Weyerhauser's  Camp 
No.  4,  forms  Rock  Creek,  and  at  the  junction  of  these  two  streams 
is  situated  Weyerhauser's  Camp  No.  2,  containing,  we  are  told, 
85  men.  The  camp  is  situated  4|  miles  above  the  city's  intake, 
but  owing  to  the  lateness  of  the  hour  we  were  unable  to  visit  this 
camp  and  obtain  any  data  as  to  its  sanitary  condition. 

■      POLLUTIONS    AT   BARNESTON. 

The  sawmill  and  camp  at  Barneston  are  situated  upon  an  upper 
bench  or  bank,  perhaps  600  to  700  feet  distant  from  the  edge  of 
the  river.  The  drainage  of  the  benches  at  this  point,  if  they  may 
be  said  to  drain  at  all  upon  the  surface,  is,  generally  speaking, 
away  from  the  river,  their  elevation  along  the  outer  edge  being 
higher  than  at  a  little  distance  back.  While  there  is  considerable 
pollution  at  Barneston  and  a  large  camp,  it  is  probable  that  for 
the  larger  part  it  sinks  into  the  soil  and  is  well  filtered  before 
reaching  the  river.  A  considerable  number  of  hogs  and  cattle, 
however,  have  free  access  to  the  water  of  Cedar  River,  and  roam 
over  the  camp  at  will.  Barneston  is  situated  about  9|  miles 
above  the  intake,  measured  along  the  line  of  the  flowing  streams. 

Between  Barneston  and  the  power  house  the  city  of  Seattle  has 
constructed  its  pole  line  along  the  north  bank  of  the  river  and 
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somewhat  closely  following  the  same.  For  the  purpose  of  access 
to  this  pole  line,  and  probably  originally  for  construction  purposes, 
there  has  been  built  a  road  which  follows  the  bank  of  the  river, 
in  places  coming  within  25  feet  of  the  water's  edge,  giving  full 
and  free  access  to  the  river  for  the  whole  of  its  distance.  Fisher- 
men were  observed  trout  fishing;  remains  of  dinners  were  observed 
at  the  water's  edge.  Not  far  below  the  power  house  a  consid- 
erable number  of  cattle  were  pasturing,  which  have  ready  access 
to  the  water  of  the  river.  A  number  of  log  jams  in  the  river  were 
noticed,  and  a  great  deal  of  decaying  wood  lines  the  stream  banks, 
which,  while  common  to  this  part  of  the  country,  is  not  usually 
considered  a  desirable  feature  of  a  watershed  for  public  water 
supply.  The  sanitary  conditions  at  the  power  house  and  the 
habitations  there  could  not  be  criticised. 


CEDAR    LAKE. 

The  outlet  of  Cedar  Lake  was  viewed.  The  lake  appears,  in 
many  respects,  to  be  an  ideal  one  for  purposes  of  water  supply, 
the  banks  being  for  the  most  part  steep.  Near  the  outlet  an 
extensive  swamp  borders  the  lake,  filled  with  decaying  wood  and 
teeming  with  aquatic  life.  The  premises  of  the  keeper  of  the 
inlet  works  appeared  to  be  properly  protected,  although  6  head 
of  sheep  were  observed  grazing  about  the  outlet  and  having  free 
access  to  the  river.  Fishermen  were  observed  in  a  boat  upon  the 
lake,  and  the  excrement  of  cattle  upon  the  banks  of  the  outlet. 
At  one  point,  about  20  feet  from  the  water's  edge,.human  excre- 
ment was  observed  and  noted.  It  is  apparent  that,  while  the  con- 
ditions at  this  point  are  not  serious,  reliance  is  had  fully  upon 
the  wildness  and  inaccessibility  of  the  spot  rather  than  upon 
any  sanitary  control. 

The  river  between  Earnest  on  and  the  intake  runs  through  an 
exceedingly  wild  and  inaccessible  region,  and  is  very  difficult 
of  access.  At  only  two  points  in  this  reach  does  the  railroad  line 
approach  closely  to  the  river,  and  at  places  it  is  from  900  to  1  400 
feet  away.  No  serious  pollutions  of  any  kind  were  observed  upon 
this  section;  just  above  the  dam  of  the  intake  there  appeared  to 
be  an  undesirable  swamp  on  one  side  of  the  stream. 


448  I'OLI.ITIOX   OK  WATER   SI'PPIJKS  BY   RAILROADS. 

SUMMARY    OF    OBSKRVATIOXS. 

Speaking  generally,  our  impression  was  that  the  oity  of  Seattle 
has  an  exceptionally  good  watershed,  consisting  of  forest-covered 
mountain  slopes  and  highly  permeable  soil,  which  forms,  in  the 
lower  part  at  least,  a  great  natural  filter;  mountain  brooks,  spring- 
fed  and  of  groat  natural  purity,  freedom  from  permanent  popula- 
tion, and  a  copious  rainfall.  These  advantageous  natural  condi- 
tions, however,  have  not  been  protected,  possibly,  by  want  of 
adequate  legal  powers,  but  certainly  by  lack  of  suitable  sanitary 
supervision.  .Many  portions  of  the  district  being  virtually  inac- 
cessible, much  serious  pollution  is  permitted  which  is  probably,  for 
the  most  part,  unknown  to  the  authorities. 

There  are  about  25  miles  of  railroad  now  existing  in  the  water- 
shed. A  considerable  portion  of  this  mileage  is  logging  roads 
owned  by  private  companies.  Nearly  all  of  these  roads  were 
traversed  by  us  during  our  examination,  and  in  no  case  did  we  see 
anything  which  seemed  to  us  dangerous  or  menacing  from  their 
presence.  The  real  menace  which  we  observed  lay  in  the  con- 
duct and  character  of  the  camps  which  were  located  upon  flowing 
streams. 

PROPOSED    RAILROAD    LOCATION. 

The  Chicago,  Milwaukee  &  St.  Paul  Railway  is  proposing  to 
enter  the  Cedar  River  watershed  at  or  near  the  present  power 
house,  and  traverse  the  valley  to  the  intake  along  a  line  for  the 
most  part  south  of  the  river. 

Ordinarily  the  presence  of  a  railroad  track  and  trains  within  a 
watershed  is  not  looked  upon  by  sanitary  authorities  as  a  menace 
when  properly  regulated.  It  is  through  the  population  and  in- 
dustries created  by  railroads  that  sanitary  difficulties  occur. 
Pains  have  been  taken  to  investigate  a  considerable  number  of 
watersheds  in  this  country  which  draw  their  waters  from  surface 
supplies,  unfilterecl  either  by  artificial  or  natural  means,  and  it 
is  found  that  an  exceedingly  small  proportion  of  cities  are  able 
to  make  the  claim  that  no  railroads  exist  upon  their  watersheds. 
Indeed,  the  question,  so  far  as  can  be  ascertained,  has  never  before 
been  raised  as  to  the  menace  of  the  actual  track  and  trains. 

Following  are  some  of  the  more  important  cities  in  this  country 
which  derive  their  supplies  from  surface  sources,  M'ith  the  approxi- 
mate mileage  and  number  of  stations  upon  their  watersheds: 
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A  very  large  majority  of  cities,  therefore,  have  railways  not 
only  upon  the  watershed,  but  paralleling  the  streams  from  whicli 
their  waters  are  taken,  nor  do  the  majority  of  such  cities  have 
excessive  death-rate  from  zymotic  disease,  and,  so  far  as  I  am 
aware,  no  criticism  has  ever  been  seriously  raised  that  the  pres- 
ence, at  least  of  the  track  and  trains,  in  such  cases  constitutes  a 
menace  in  any  way.  But  there  are  sometimes  not  only  practical 
reasons  why  precautions  should  Ijc  taken  to  insure  the  purity  of 
water  supplies,  there  are  also  esthetic  reasons  for  guarding  against 
contamination,  and  particularly  in  a  case  like  the  Cedar  River, 
where  preliminary  arrangements  are  possible  and  where  prox- 
imity to  the  flowing  stream  is  close,  it  would  seem  wise  that  some 
precautions  should  be  observed  which  would  prevent  the  cirainage 
from  the  track  from  directly  entering  the  stream,  or  which  would 
prevent  those  passing  along  the  tracks  from  access  to  the  stream 
in  any  way. 

I  THE    OPERATIOX    PROBLEM. 

The  fact  that  a  railroad  will  be  constructed  the  entire  length 
of  the  river  from  the  power  house  to  the  intake,  has  advantages 
as  well  as  disadvantages.  It  provides  means  of  approach  to  the 
river  at  points  where  it  is  now  inaccessible,  but  it  also  provides 
at  the  same  time  means  for  controlling  the  watershed  and  observ- 
ing its  condition,  not  only  by  the  agents  of  the  city,  but  by  the 
observation  of  the  general  public  as  well,  which  means  that  public 
sentiment  will  by  such  means  be  created  which  will  result  in  regu- 
lations, adequate  police  powers,  and  proper  control.  While,  there- 
fore, to  some  degree  a  railroad  so  located  must  of  necessity  increase 
access  to  the  river  valley,  its  presence  is  an  efficient  check  on  some 
forms  of  pollution  which  are  no^v  in  progress  and  which  have  been 
undiscovered. 

The  precautions  which  would  suggest  themselves  as  desirable 
would  be,  first  of  all.  at  points  where  the  track  is  m  close  proximity 
to  the  river,  to  so  drain  the  roadbed  from  the  cuts  into  the  soil  back 
of  the  fills  that,  if  there  is  any  possibility  of  surface  wash.  —  a  possi- 
bility of  which  I  have  seen  no  evidences  so  far.  —  it  shall  be  carried 
back  upon  ]iermeable  soil  to  diked-in  sink-holes,  such  as  naturally 
abound  all  over  this  area,  so  that  such  drainage  shall  not  direct Iv 
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reacli  the  river.  The  drainage  from  the  outer  edge  of  the  track  may 
be  intercepted  by  slightly  widennig  the  fills  and  forming  a  gutter, 
the  waters  from  which  can  be  led  back  to  the  inside  of  the  track  in 
the  same  wa}'. 

FENCE   ALONG   THE    RIVER. 

Secondly,  a  strong  barbed-wire  fence  of  adequate  height  might  be 
constmcted  between  the  track  and  the  river.  Such  a  fence  will,  in 
my  opinion,  aid  to  control  the  situation  and  render  it  much  less  liable 
for  passers  along  the  track  to  defile  the  river  in  any  way,  or  camp 
thereon  without  great  difficult}'. 

Such  a  fence  should  be  constioicted  by  the  city  between  the  power 
house  and  Barneston  along  the  right-of-way  of  its  pole  line,  which 
would  aid  in  excluding  passers-by.  This  wagon  road  carries  with  it 
all  of  the  menace  of  an  operating  railroad,  and  what  has  been  said 
in  reference  to  the  drainage  and  precautions  to  be  observed  on  the 
track  of  the  railroad  will  apply  with  equal  force  to  the  city's  own 
highway. 

Suitable  notices  should  be  posted  at  frequent  intervals  upon  such 
fence  warning  people  from  crossing  it,  just  as  fences  with  such  mles 
are  constioicted  around  the  reservoirs  within  the  city.  It  is  probable, 
of  course,  that  malicious  or  ill-disposed  persons  will  not  be  entirely 
prevented  from  violating  the  regulations  of  the  city,  but  such  per- 
sons have  at  the  present  time  ready  access  to  the  river  and  stand  no 
chance  of  even  being  discovered  or  controlled. 

COVERS    FOR   BRIDGES. 

The  proposition  of  flooring  the  bridges  with  tight  floors  would 
meet  with  approval,  and  if  it  was  thought  desirable,  at  such  points 
as  the  track  necessitates,  high  fences  could  be  erected  to  prevent 
the  throw^ing  of  refuse  from  car  windows  directly  into  the  river.  The 
closets  of  the  passenger  coaches  could  be  locked  while  traversmg  the 
watershed,  as  is  ordinarily  done  now  in  traversing  equal  or  greater 
distances  through  large  cities  and  in  all  depot  grounds. 

These  precautions  should  satisfy  the  most  captious  critic  as  to  the 
security  of  the  supply  from  the  presence  of  the  trains  and  track,  and 
it  might  be  suggested  that  they  are  much  more  adequate  than  are 
the  provisions  which  are  taken  to  guard  against  the  contamination 
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of  the  water  in  the  city  reservoirs  witliin  the  city  limits  from  thouo'ht- 
less  or  ill-clisposecl  persons. 

THE    COXSTRLXTIOX    PROBLEM. 

No  great  reservoir  for  a  Avater  supply  is  ever  const iiicted  without 
adequate  sanitary  precautions.  In  fact,  in  these  days  no  great  camp 
of  men  should  ever  be  gathered  together  for  any  public  work  without 
adequate  sanitar}-  provisions.  And  it  is,  of  course,  evident  that 
constmction  camps  along  the  Cedar  River  for  twelve  to  fifteen 
months,  if  uncontrolled,  Avoukl  create  a  situation  far  from  desirable. 
To  admit,  however,  that  adec^uate  sanitary  control  cannot  properly 
and  adecjuately  meet  the  situation  is  to  admit  that  we  know  little 
or  nothing  about  sanitary  control.  The  progress  of  sanitary  science 
has  been  such  in  the  last  generation  that  we  have  come  to  a  positive 
knowledge  of  new  dangers  which  threaten  the  life  and  hapi3iness  of 
the  general  community,  and  with  this  knowledge  has  come  also  the 
knowledge  of  how  to  properly  protect  and  guard  against  such  dangers. 
The  conduct  of  camps,  the  sanitary  precautions  to  be  taken  in  and 
about  them,  have  been  thoroughly  studied,  with  the  result  that 
where  intelligent  authority  has  been  permitted  to  exercise  full  sway, 
all  dangers  have  been  entirely  eliminated. 

RULES    FOR    COXSTRUCTIOX. 

The  precautions  that  should  be  taken  in  the  constmction  of  the 
railroad  in  Cedar  valley  would  be  primarily  as  follows: 

First,  the  full  and  complete  authority  of  a  competent  and  educated 
sanitary  officer,  with  suitable  assistance. 

Second,  the  provision  for  proper  location  of  camps  safely  away 
from  the  vicinit}"  of  the  river. 

Third,  care  of  the  camps,  so  far  as  the  liealth  of  the  men  is  con- 
cerned, and  provision  for  the  juirity  of  their  drinking  water  and 
food  supplies. 

Fourth,  the  pro\'ision  for  suital)le  couA'eniences  for  the  men  at  or 
near  their  work. 

Fifth,  the  removal  and  destmction  of  human  excrement. 

Sixth,  the  removal  and  destruction  of  garbage  and  kitchen  waste. 

Seventh,ihQ awe  of  di-aft  animals,  collection  of  their  droppings 
and  its  destruction. 

Eighth,  proA-ision  for  bathing  purposes. 
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SANITARY    A  UTHOKITY. 

Absolute  and  autocratic  authority  should  be  vested  in  the  sanitary 
officer  in  charge  of  the  tlistrict  to  formulate  such  rules  and  i-egulat  ions 
as  seem  to  him  necessary  for  the  control  of  the  camps  and  of  t  he  men. 
It  \Y0uld  be  proposed  as  one  of  the  most  important  of  these  rules  that 
all  actual  access  to  the  river  be  barred;  that  the  wire  fences  before 
mentioned,  separating  the  ti'ack  from  the  ri^'er.  be  constructed  at 
the  earliest  possil)le  moment;  such  special  arrangements  should  be 
made  as  will  oliviate  all  necessity  or  desire  on  the  part  of  the  men  to 
visit  the  stream  for  any  purpose  whatever.  Such  men  as  refuse  to 
conform  to  the  regulations  or  show  themselves  indifferent  to  their 
importance,  or  wilfully  disobedient,  should  he  promptly  ejected  from 
the  camps,  and  a  strong  authority  should  impress  upon  the  working 
force  the  fact  that  sanitation  requirements  are  the  first  consideration. 

All  sanitary  authorities  agree  that  the  best  disinfectant  for  all 
forms  of  human  waste  is  fire.  This  is  the  safest  and  easiest  method 
to  adopt  in  a  rough  country  such  as  we  are  considering,  where  fuel 
is  plentiful.  Suitable  latrines  should  be  built  at  very  frequent  inter- 
vals along  the  line  of  work.  An  inexpensive  crematory  can  be  easily 
excavated  in  the  bank,  consisting  of  a  rcjugh  grating  immediately 
over  a  fireplace,  upon  which  the  garbage  and  refuse  can  be  burned, 
as  well  as  the  excremental  matters.  Collections  in  large  camps  should 
be  made  frec^uently,  and  in  the  outlying  and  more  remote  latrines  at 
least  twice  each  twenty-four  hours. 

Garbage  and  kitchen  waste  of  the  camps  should  be  burned  along 
with  the  excremental  matters.  Frequent  collections  should  be 
made,  and  no  such  refuse  should  be  allowed  to  stand,  under  any 
circumstances,  many  hours.  The  liquid  waste  from  the  cook 
houses  should  be  led  in  drains  to  some  safe  point  where  a  sufficient 
area  of  subsoil  can  be  uncovered  so  that  filtration  will  be  effectually 
permitted. 

Suitable  provision  should  be  made  around  all  of  the  cook  houses 
to  prevent  the  ingress  and  egress  of  flies  which  might  tend  to 
contaminate  the  food. 

LOCATIOX    OF    CAMPS. 

Camps  should  be  placed  at  distances  at  least  500  or  600  feet 
from  the  river,  on  land  preferably  level,  or  draining  very  slightly, 
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if  at  all.  Camps  should  be  provided  with  a  water  supply,  pref- 
erably from  springs  in  the  locality,  or,  if  springs  are  not  available, 
by  water  pumped  up  from  the  river  in  sufficient  quantities  for  all 
purposes.  It  will  be  exceedingly  desirable  if  the  water  supply'of 
the  camps  can  be  placed  under  pressure,  and  suitable  shower  baths 
maintained  for  the  use  of  the  laborers,  so  that  there  is  no  desire 
as  well  as  no  opportunity  or  excuse  for  them  to  visit  the  river  for 
any  purpose.  A  physician  should,  of  course,  be  provided,  who 
shall  watch  the  health  of  the  men  closely  and  carefully,  and  an}' 
case  of  sickness  from  any  zymotic  or  intestinal  disorder  should 
be  prompt  1)^  removed  from  the  watershed  and  all  possible  con- 
tamination carefully  disinfected.  Liberal  ciuantities  of  disin- 
fectants should  be  provided  at  every  camp  for  the  use  of  sanitary 
officers,  and  used  under  their  directions. 

SANITARY   CONTROL   OF    CAMPS. 

Men  should  be  provided  whose  business  it  is  to  constantly  keep 
the  surroundings  of  the  camps  in  a  clean  and  presentable  condition. 
All  litter  should  be  removed  daily  and  burned,  if  possible. 

Cleanliness  in  the  bunk  houses  should  be  insisted  upon.  Per- 
sonal cleanliness  should  be  enforced,  and  persistently  unclean 
employees  should  be  debarred  from  the  work.       '[ 

Droppings  from  draft  animals  should  be  collected  and 
burned  in  the  same  manner  as  human  excrement.  Draft 
animals  should  not  be  permitted  to  approach  any  stream  entering 
the  river,  and  always  kept  under  full  control. 

IN    GENERAL. 

With  these  precautions  properly  taken  there  can  be  no  question 
that  all  dangers  of  pollution  to  the  water  supply  would  be 
obviated,  and  that  the  water  supply  itself  may  be  entirely  above 
suspicion  during  all  the  time  of  construction.  This  statement  is 
based  upon  the  well-known  efficacy  of  such  regulations  in  the 
construction  of  great  reservoirs,  aqueducts,  water  supplies,  even 
where  such  construction  was  proceeding  above  intakes  already 
existing.  It  is  also  borne  out  by  the  experience  of  cities  which 
purify  their  sewage  and  prevent  contamination  upon  rivers,  and 
it  is  substantiated  by  experience  with  military  camps  and  military 
hygiene. 
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The  history  of  the  military  camps  has  shown  an  increasing  abiUty 
to  control  infection  under  most  unfavorable  conditions,  and  while 
our  own  volunteer  army  medical  men  did  not  during  the  Cuban 
War  succeed  so  effectually  as  might  have  been  hoped,  they  never- 
theless learned  a  bitter  lesson  of  the  importance  of  such  matters. 
Investigations  of  the  conduct  of  the  camps  disclosed  that  import- 
ant sanitary  precautions  had  been  entirely  neglected.  The  ty- 
phoid which  prevailed  in  the  camps  of  the  American  army  during 
the  Cuban  War  is  noAv  attributed  largely  to  the  pollution  effected 
by  flies,  which  transferred  objectionable  matter  from  the  latrines 
to  the  cook  houses.  And  the  lessons  which  were  learned  from 
that  experience  have  been  adopted  by  armies  in  all  parts  of  the 
Avorld  so  effectually  that  in  the  recent  war  between  Japan  and 
Russia  the  Japanese  were  practically  enabled  to  completely  anni- 
hilate this  troublesome  disease,  as  well  as  to  reduce  disease  in 
general  to  the  negligible  minimum. 

It  may  be  remarked  tltat  the  powers  of  a  private  corporation, 
backed  by  ample  means?  and  accustomed  to  secure  efficient  and 
capable  service,  unhampered  by  political  influence  or  cumbersome 
checks,  present  an  ideal  instrument  to  carry  out  thorough  and 
efficient  sanitary  control  under  proper  supervision.  So  far  as  I 
can  understand  the  situation,  the  interests  of  the  railroad  and  the 
city  are  identical  in  considering  this  problem.  Neither  one  nor 
the  other  can  afford  or  should  desire  to  trifle  with  matters  per- 
taining to  the  public  health.  The  attitude  of  both  should  be  that 
of  cooperation  and  diligence  in  seeking  proper  solution  and  acting 
on  the  best  knowledge  obtainable. 

In  conclusion.  I  iDelieve  that  it  is  possible  to  construct  a  railroad 
in  the  Cedar  River  valley  in  a  safe  and  sanitary  manner,  without 
a  doubt.  1  believe,  also,  that  once  constructed,  such  a  road,  if 
operated  without  statioiis,  with  floored  bridges  and  locked  water 
closets,  and  with  suitable  fencing  along  the  right-of-way,  will 
present  no  opportunity  for  accidental  contamination  so  great  as 
exi.sts  at  the  present  time.  The  presence  of  such  additional  men 
as  it  may  bring  into  the  watershed,  due  to  its  operation,  will  be, 
in  my  opinion,  offset  l;)y  the  increased  facility  which  it  will  give 
for  patrolling  the  entire  length  of  Cedar  River,  and  for  affording 
the   authorities   and  the   public   an  opportunity  to  observe  the 
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conditions  of  its  source  of  supply.  Dangers  which  miglit  occur 
through  careless  control  of  the  sanitary  conditions  of  the  con- 
struction forces  can  be  met  with  ])ro]:)er  dihgence  and  intelligent 
supervision. 

It  would  be  quite  idle  to  ask  any  phj'sician  in  these  enlightened 
days  if  he  was  able  to  enter  a  home  where  typhoid  fever  existed 
and  successfully  cope  with  the  disease  in  such  a  manner  that  no 
danger  to  himself  or  other  members  of  the  family  could  ensue  from 
infection.  No  reputable  medical  man  would  allow  for  a  moment 
his  inability  to  fully  control  the  situation  b}'  suitable  precautions 
founded  on  long  experience  and  careful  study. 

The  sanitary  engineer  is  dealing  with  the  same  problem  in  a 
broader  way;  he  is  equipped  with  the  same  sort  of  information, 
the  same  sort  of  experience,  and  the  same  results  of  stud}-,  which 
enable  him  with  certainty  to  control  watersheds,  water  supplies, 
construction  camps,  and  general  conditions  which  make  for  the 
public  health.  And  when  authority  and  intelligence,  com'bined 
with  ample  backing,  are  provided,  this  successful  result  has  in- 
variably been  fully  accomplished,  just  as  the  domestic  problem  of 
typhoid  has  been  put  under  control. 

COXCLUSIOXS. 

1.  That  in  the  Cedar  River  watershed  the  city  of  Seattle  pos- 
sesses a  magnificent  source  of  water  supply. 

2.  That  the  city  is  not  now  and  has  not  in  the  last  few  years 
properly  protected  this  area  from  gross  pollutions  now  existent. 

3.  That  a  virgin  forest  or  inaccessible  country  does  not  afford 
ideal  protection  from  pollution,  but,  on  the  contrary,  a  district 
easily  accessible  in  every  part  and  open  to  the  publicity  of  frequent 
inspections  and  control  offers  the  greatest  degree  of  protection. 

4.  It  is  the  settled  policy,  therefore,  of  most  sanitary  control 
of  watersheds,  while  preventing  as  far  as  possible  the  gro^^1;h  of 
population  and  the  incidental  pollution  therefrom,  to  open  water- 
sheds freeh'  to  the  public  observation,  by  creating  means  of  access 
which  facilitate  inspection. 

5.  Railroads,  so  far  as  the  track  and  trains  are  concerned,  when 
properly  regulated,  are  not  regarded  as  a  menace  to  the  jmrity  of 
surface  waters  bv  sanitarv  authorities. 
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6.  It  is  throuii'li  population  and  industries  created  liy  railroads 
that  sanitary  ditliculties  occur. 

7.  The  25  miles  or  so  of  railway  now  existing'  in  the  Cedar 
River  watershed  are  in  themselves  no  menace  to  the  valley,  but 
the  logging  camps  which  they  serve  are  so  conducted  as  to  be 
serious  pollutions  in  many  cases. 

8.  That  the  operation  of  a  completed  railway  line  by  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  Company  on  or  near  the 
present  location  can  be  made  entirely  safe  by  some  simple  pre- 
cautions, such  as  fencing,  drainage,  closed  bridge  floors  and  locked 
water-closets. 

9.  Tliat  care  should  be  exercised  during  the  period  of  construc- 
tion of  the  railroad  to  prevent  all  access  to  the  water  by  men  or 
animals.  For  this  purpose  the  river  front  should  be  entirely 
fenced  off,  policed,  and,  where  necessary,  water  should  be  pumped 
up  to  the  camps  from  the  river  under  pressure,  and  in  suitable 
quantities,  for  all  purposes,  including  bathing  and  watering 
anijnals. 

10.  That  efficient  sanitary  control  should  be  had  over  all  camps, 
cleanliness  enforced,  refuse  of  all  kinds  promptly  collected  and 
burned,  drainage  filtered  and  commodious  and  convenient  sani- 
tary arrangements  provided,  and  strict  control  and  authority 
maintained. 

11.  That  the  city  of  Seattle  should  also  fence  in  the  road  which 
it  has  constructed  along  the  river  bank  between  Barneston  and 
the  power  house,  so  as  to  prevent  access  therefrom  to  the  river. 

12.  That  the  city  of  Seattle  should  regulate  and  control  by 
intelligent  sanitary  rules  the  various  logging  camps  now  existing 
upon  the  watershed. 

13.  That  it  would  be  highly  desirable  to  pre^•ent  decaying  wood 
and  vegetable  matter  from  defacing  the  shores  of  Cedar  River  and 
its  important  tributaries,  and  to  cut  off  the  swamps  at  the  outlet 
of  Cedar  Lake  and  immediately  above  the  intake. 

All  of  which  is  respectfully  submitted. 

JOHN  W.  AL\()RI). 

Con s ult inn  ^^'"f/"J ('(>'■ 
July.  1006. 
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APPENDIX  B. 

Report  by  Profs.  A.  C.  Abbott,  M.I).;  Charles  Harrixgtonv 
M.D.;  AND  William  T.  Sedgwick,  Ph.D..  —  a  Commission' 
OF  Saxitary  Experts, — to  the  City  of  Seattle,  the  Kixo 
Couxty  Medical  Society,  axd  the  Chicago,  Milwaukee  & 
St.  Paul  Railway,  All  of  the  State  of  Washixgtox,  upon 
the  Possibility"  of  the  Coxstructiox.  Maintexance,  axd 
Operation  of  a  Railroad  avithix  a  Portiox  of  the  Water- 
shed supply'ixg  Drinking  Water  to  the  City'  of  Seattle, 
without  Danger  to  its  Inhabitants. 

We  have  been  asked  to  answer  two  questions:  First,  whether  it 
is  possible  to  construct  a  raih-oacl  within  the  watershed  of  Cedar 
River,  between  the  water  intake  and  the  power  house,  without 
danger  to  the  character  and  wholesomeness  of  the  water  supply 
of  Seattle:  and,  second,  whether,  in  the  event  of  such  construction, 
the  road  can  be  operated  without  endangering  the  public  health 
of  said  city  through  pollution  of  the  stream. 

In  order  to  acquire  personal  knowledge  of  all  tlie  relevant  condi- 
tions obtaining  in  and  about  Cedar  Valley,  and  thus  to  be  able 
to  submit  replies  based  upon  something  more  than  general  j^rin- 
ciples  and  a  priori  reasoning,  we  have  made  a  careful  examination 
of  the  area  involved,  paying  particular  attention  to  the  con- 
figuration of  the  ground  and  to  the  nature  of  the  soil,  and  we  have 
extended  our  observations  so  as  to  include  that  part  of  the  water- 
shed between  the  point  where  the  proposed  road  leaves  it  to  enter 
the  Snoqualmie  watershed  and  the  borders  of  Cedar  Lake.  The 
proposed  location  of  the  railroad,  as  indicated  by  stakes,  has  been 
followed  practically  from  end  to  end,  and  the  adjacent  strips  have 
been  examined  at  such  points  and  to  such  an  extent  as  seemed 
desirable  or  necessary. 

We  have  also  carefully  examined  and  considered  the  various 
statements  and  arguments  submitted  to  us. 
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111  view  of  all  the  facts,  we  have  no  henitation  in  answerin";  both 
questions  in  the  affirmative. 

The  main  ciiiestion  involved  in  l)oth  propositions  is  whether 
pollution  of  the  surface  of  the  proposed  rioht-of-way  and  of  the 
vicinity  by  the  wastes  of  the  human  body  can  be  prevented;  and, 
if  it  cannot  wholly  be  })revented.  whether  contamination  of  the 
river  can  be  i>;uarded  against. 

It  is  a  well-established  fact  that  sewage  matters  containhig 
myriads  of  disease  germs  can  be  rendered  quite  innocuous  by  filtra- 
tion through  gravel  and  sand,  so  that,  within  a  short  time,  and  at  a 
distance  of  but  a  few  feet ,  the  effluent  .water  may  have  an  entirely 
different  character  and  yield  only  mineral  evidence  of  its  former 
bad  qualities.  This  fact  was  the  main  reason  foi-  careful  scrutiny 
of  the  nature  of  the  soil. 

It  appears  that,  along  much  of  the  proposed  location,  gravel  and 
sand  are  not  to  be  found.  The  forest  floor  appears  to  be  reason- 
ably thick,  but  at  most  points  it  consists  almost  wholly  of  com- 
bustible matter,  and  where  fires  have  occurred  the  soil  is  shown 
to  be  chiefly  loose  rock,  witli  neither  sand  nor  gravel,  and  conse- 
quently not  porous  and  suitable  for  effective  filtration.  At  some 
points  along  the  route,  clay  and  silt  deposits  are  evident,  but  these 
materials  are  not  suitable  filtering  media,  for  they  do  not  permit 
percolation.  In  view  of  these  facts,  special  provision  will  be 
necessary  for  proper  disposal  of  such  waste  matters  as  may  find 
their  way  to  the  surface  of  the  ground  within  and  near  the  limits 
of  the  right-of-way  during  construction  and  operation  of  the  road; 
for  without  such  provisions  the  said  wastes  would  inevitably  be 
washed  into  the  river  in  times  of  heavy  rainfall,  and,  in  the  event 
of  their  containing  pathogenic  organisms,  might  lead  to  disastrous 
outbreaks  of  infective  disease.  The  fact  is,  however,  that  the 
character  of  the  water  can  be  adequately  safeguarded  by  the 
adoption  of  methods  which  will  be  described  in  detail  further  on. 

The  safeguarding  of  the  water  supply  during  the  constiTiction  of 
the  proposed  road  is  by  no  means  a  simple  matter,  for  construction 
involves  the  introduction  of  large  numbers  of  men  into  the  water- 
shed, whose  wastes  must  be  prevented  from  reaching  the  river. 
It  will  be  necessary  to  establish  camps  at  various  places,  and  these 
camps  must  be  supplied  with  Avater,  must  be  drained,  must  be 
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provided  with  bathing  and  laundry  facihties  and  hitrines,  and  in 
all  respects  must  be  under  constant  competent  sanitary  inspection 
and  control  far  more  stringent  than,  mider  ordinary  conditions,  is 
necessary.  It  is  fortunate  that  a  number  of  sites  for  such  camps 
are  available,  at  least  500  feet  away  from  the  river,  on  benches, 
where  the  soil,  largely  gravel,  is  dry  and  porous,  and  hence  easily 
di-ained  and  entirely  suitable  for  latrines.  Two  camps  may 
easily  be  established  outside  tlie  watershed;  one  below  the  intake, 
and  one  near  the  power  house  and  just  over  the  divide,  within 
the  drainage  area  of  the  Snoqualmie;  and  between'  these  two 
points  are  the  several  sites  above  mentioned,  on  not  more  than 
t\so  of  which  should  camps  be  established. 

At  the  several  camps  the  necessary  latrines  should  be  board 
outhouses  placed  over  reasonably  deep  pits  for  the  reception  of  the 
discharges,  which,  out  of  abundant  caution,  should  be  disinfected 
b)'  the  ap])lication  of  milk  of  lime,  made  from  freshly  slaked  lime, 
and^kept  protected  from  contact  with  the  air.  This  should  be 
prepared  as  often  as  twice  per  week,  since  with  age  it  loses  in 
causticity  and  germicidal  power.  As  the  pits  become  nearly 
filled,  the  filling  should  be  completed  with  clean  soil,  and  new  ones 
should  be  dug.  Between  camps,  other  latrines  should  be  estab- 
lished at  intervals  of  a  few  hundred  feet,  and  portable  privies  may 
be  used,  whicli  frequently  should  be  cleaned  out  and  disinfected. 

Rules  relating  to  the  use  of  these  conveniences  and  absolutely 
prohibiting  the  discharge  of  human  wastes  elsewhere  within  the 
watershed  should  be  enforced  with  great  strictness  and  under 
penalty  of  dismissal.  It  will  be  necessary  for  the  future  needs  of 
the  section  hands  and  others  who  will  constantly  be  employed,  and 
of  the  wreckers  who  may  be  brought  "in  from  time  to  time  as  one  or 
another  cause  and  occasion  require,  to  establish  privies  at  reason- 
able intervals;  but  for  the  last -mentioned  a  portable  privy  carried 
on  the  train.  Avith  watertight  box  or  tank.  avouUI  be  preferable. 
Absolute  prohiljition  of  bathing  and  laundry  work  in  the  river 
must  be  emjihasized. 

In  order  th;it  the  stretch  between  the  intake  and  the  power 
house  shall  receive  the  minimum  possible  amount  of  hunum 
wastes,  it  is  recommended  that,  while  trains  are  in  the  valley,  all 
closets  be  kept  lo(d<ed  and  that  no  sto]is  be  made  except  in  emer- 
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gencies,  and  tliat  no  station  or  round  house  be  established 
between  those  points,  even  with  tlie  consent  of  the  city  of  Seattle 
by  oi'diiiance.  so  lons>;  as  the  intake  of  the  jmljlic  water  supply 
shall  be  below  the  present  power  house.  Therefore  we  recommend 
the  amendment  of  paragraph  2  of  Section  2  of  the  ordinance  grant- 
ing the  right-of-way,  by  striking  out  the  words,  "  without  the  con- 
sent of  the  city  of  Seattle  first  having  been  granted  by  ordinance," 
and,  further,  by  nudving  the  prohibition  a  permanent  restriction  in 
the  deed. 

For  the  most  comj^lete  safeguarding  of  the  water  it  is  advised 
that .  inasmuch  as  the  soil  between  the  location  of  the  line  and  the 
ri^•er  is  frequently  impermeable,  and  where  made  up  of  loose 
stone  is  devoid  of  the  c][ualities  necessary  for  slow  filtration,  the 
roadbed  be  trenched  wherever  necessary  or  advisable,  the  trenches 
being  filled  with  gravel  and  sand,  and  that  dikes  be  constructed 
alongside  the  trenches  wherever  necessary  or  advisable. 

The  necessary  bridges  should  have  steel  decks,  be  ballasted  with 
gravel  and  sand,  and  be  provided  with  means  for  drainage,  and 
the  water  drained  off  should  be  conducted  to  points  at  least  50 
feet  from  the  river  bank  on  each  side,  and  discharged  over  appro- 
priate areas  or  into  gravel  pits. 

During  construction  the  entire  area  affected  should  be  under  tlie 
unhampered  supervision  and  control  of  a  competent  sanitary 
engineer  appointed  l)y  the  city  of  Seattle  and  approved  by  the 
state  board  of  health.  He  should  be  empowered  to  employ,  with 
the  approval  of  the  state  board  of  health,  as  many  inspectors  to 
act  as  sanitary  police  as  the  state  board  may  deem  to  be  reasonable, 
and  he  and  they  should  be  given  all  of  the  powers  of  special 
police.  He  should  be  required  to  employ  one  or  more  registered 
physicians  as  medical  inspectors,  who  should  examine  and  report 
tothe board  of  health  of  the  city  of  Seattle  upon  all  cases  of  illness, 
and  cause  the  immediate  removal  from  the  watershed  of  all  persons 
found  to  be  sick  of  infective  disease. 

We  recommend,  therefore,  the  amendment  of  j)aragra])lis  3  and 
5  of  Section  2  of  the  ordinance  granting  the  right-of-way,  so  as  to 
provide  for  these  measures  of  sanitary  protection. 

After  construction  and  during  operation,  so  long  as  water  shall 
be  taken  from  any  point  below  the  present  power  house,  the  road- 
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bed  should  be  under  the  constant  supervision  and  control  of  a  com- 
petent sanitary  inspector  appointed  by  the  city  of  Seattle  with 
the  approval  of  the  state  board  of  heahh,  and  the  section  hands 
should  be  required  to  remove  and  properly  to  dispose  of  such 
obvious  polluting  material  as  may  be  discovered. 

We  feel  that  we  should  be  remiss  in  our  duty  as  sanitarians^ 
although  the  matter  is  one  beyond  the  scope  of  our  employment, 
were  we  to  neglect  to  call  attention  to  the  necessity  of  protecting 
the  water  supply  of  the  city  from  possible  dangerous  pollution  of 
far  greater  importance  than  any  likely  to  be  caused  by  the  opera- 
tion of  a  properh^  constructed  and  efficiently  guarded  railway. 

The  selection  of  the  Cedar  River  watershed  as  a  source  of  water 
supply  was  an  eminently  discriminating  and  wise  act,  inasmuch 
as  Cedar  Lake  and  the  entire  watershed  are  capable  of  yielding  an 
abundant  supply  of  pure,  soft  water.  Especially  commendable 
are  the  steps  which  have  been  taken  to  secure  ownership  by  the 
city  of  the  banks  of  Cedar  River  and  Taylor  Creek.  But  the  city 
is  apparently  unaware  of  the  fact  that  in  using  the  water  of  an 
only  partially  protected  running  stream,  without  storage,  it  is 
exposing  itself  to  the  danger  of  a  possible  outbreak  of  typhoid 
fever  or  other  water-borne  infect  Ia'c  disease.  Contrary  to  common 
belief,  founded  on  a  mistake  made  by  a  commission  who  studied 
the  subject  of  pollution  of  streams  before  the  present  methods  of 
scientific  examination  were  devised,  the  water  of  a  rapidly  moving 
stream  does  nOt  lose  its  dangerous  properties  in  a  run  of  a  few  miles 
after  it  has  received  a  specific  contamination,  and  it  is  especially 
dangerous  when  this  specific  pollution  has  been  discharged  directly 
into  it  or  has  been  washed  into  it  before  the  action  of  sunlight  and 
other  agencies  have  destroyed  the  contained  disease  germs. 

In  the  course  of  our  examination,  fishermen  were  observed  here 
and  there  along  the  banks  of  the  river,  and  in  the  woods  near  the 
stream  were  occasional  evidences  of  occupation  by  camping 
parties.  The  danger  of  wholesale  infection  from  the  chance 
discharges  of  a  single  one  of  such  trespassers  is,  indeed,  slight; 
but  it  is  a  real  danger,  nevertheless,  and  when  unrestricted  access 
to  the  river  is  permitted,  it  becomes  multiplied.  We  are  informed 
that  the  city  is  taking  steps  looking  to  the  abatement  of  local 
nuisances  within  the  watershed,  but  we  feel  that  it  is  not  doing 
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enough,  and  will  not  do  enough,  until  fishermen  and  all  others  who 
have  no  real  business  along  the  city's  water  supply,  or  who  are  not 
under  sanitary  supervision  and  control,  are  warned  off  and  dealt 
with  as  trespassers.  Better  yet  would  be  the  construction  of  a 
large  impounding  reservoir,  between  Cedar  Lake  and  the  power 
house,  as  proposed  by  the  city  engineer,  and  the  bringing  down  of 
the  water  in  mains  from  that  neighborhood,  thus  gaining  the 
advantage  of  a  stored  water. 

Res})ect fully  submitted, 

A.  C.  ABBOTT. 
CHARLES  HARRINGTOX. 
WILLL\M  T.  SEDGWICK. 

August  11.  1906. 


4(i4  I'OLLI-'IIOX   OF  WATKR   STTI'LIKS   ]5Y   RAII-Hf  )A  D^ 


APPKXDIX  C. 

Rkpoht  to  the  Statk  Board  of  Health  of  Washington" 
UPON  THE  Sanitary  Aspects  of  a  (Irant  of  Right-of-way 
BY  THE  City  of  Seattle  for  a  Railroad  alongside  the 
Stream  from  which  that  City  derives  its  Public  Water 
Supply. 

by^  john  r.  freeman",  coxsulting  engineer. 

1.  The  {[uestion  is:  May  the  city  of  Seattle,  with  due  rejiarcl  to 
the  piil)hc  health,  i^rant  a  right-of-way  to  the  railroad  in  close 
proximity  to  the  river  above  the  city's  intake  for  a  distance  of  10 
miles,  through  lands  acquired  by  the  city  for  the  protection  of  its 
water  supply;  particularly  in  view  of  the  facts  that  this  river  Hows 
i-apidly  and  that  there  is  no  detention  reservoir  of  size  large  enough 
to  detain  the  water  a  sufficient  time  to  permit  germs  of  typhoid  to 
die,  and  no  nitration  works  to  remove  them? 

2.  -Aly  answer  is  that  this  right-of-way  may  be  prudently  granted 
if  jiroper  safeguards  are  provided,  in  rigorously  caring  for  the  con- 
struction camps,  in  moving  the  railroad  location  somewhat  farther 
back  from  the  river  at  certain  points,  in  carefully  designing  cul- 
verts, bridges,  and  ditches,  and  by  providing  other  safeguards  to  l)e 
described  later  in  detail,  and  all  of  which  I  l)elieve  ai-e  entirely 
feasible. 

3.  The  conditions  sui'roumling  the  water  sup[)ly  of  Seattle  are. 
in  respect  to  detention  reservoirs,  niateri.-dly  different  from  those 
at  nearly  all  important  cities  that  use  surface  water  and  !ia\(>  rail- 
roads, highways,  and  villages  within  their  watersheds  and  ictain  a 
low  typhoid  death-rate. 

■  4.  A  detention  reservoir,  in  \\hich  water  from  the  flowing 
stream  must  be  stored  for  a  month  or  more  before  passing  into  the 
distribution  i)ii)es,  is  one  of  the  greatest  of  all  safeguards  in  a  sur- 
face water  sui)])ly,  and  to  cite  the  absence  of  injurious  effects  from 
railroads  in  watersheds  from  whicli   the  water  is  stored  is  mis- 
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leadiiiii;  as  a  pi-cctMlcMit  for  S(\illle  iii  tlio  jjroposed  location  of  t  liis 
railroad. 

o.  Seattle's  water  stip])ly  is  in  many  ways  one  of  unusual 
excellence;  it  is  of  a  ^•ery  reinarkal)le  t  ransi)arencv  and  freedom 
from  color,  and  therein  is  probably  not  excelled  by  any  large  water 
supply  in  America  and  is  equaled  by  very  few.  It  is,  in  fact, 
mainly  water  (lowin<i  from  springs. 

In  its  selection  and  method  of  first  development,  excellent  judg- 
ment and  engineering  skill  are  shown.  Its  few  shortcomings  are 
mainly  those  incident  to  newness  and  rapid  growth  and  ai-e  such 
as  doubtless  will  be  remedied  as  the  city  grows,  and  as  fast  as  the 
engineer  is  given  the  means.  1  learn  that  the  city  engineer  has  al- 
ready outlined  plans  for  its  improvement,  and  1  doubt  not  that  this 
Cedar  River  source  can  be  so  improved  and  tleveloped  as  to  give  to 
more  than  fi\-efold  your  present  population  one  of  the  finest  water 
supplies  int  he  world.    Plainly  it  s  purity  should  l)e  jealously  guarded. 

6.  The  fundamental  facts  on  which  the  answers  to  the  present 
main  question  turn  are  the  following: 

7.  If  a  single  discharge  from  the  bowels  (or  from  the  urine)  of  a 
person  in  the  early  or  "  Avalking  "  stages  or  t he  con\'alescent  stages 
of  typhoid  fever  falls  into,  or  is  soon  washed  into,  any  tributary 
of  a  flowing  stream  so  that  it  reaches  the  distribution  pipes  of  a 
city  Avhhin  a  period  of  two  or  three  weeks,  the  thousands  or 
millions  of  the  germs  in  this  one  pollution  may  become  so  scattered 
and  diffusetl  as  to  enter  many  households,  and  ])ossibly  finding 
iodgment  in  the  intestines  of  those  persons  whose  vitality  or  power 
of  resistance  is  low.  may  bring  disease  to  a  hundred  and  death  to  a 
scoi-e  or  more  of  citizens. 

S.  The  second  important  fact  is.  running  water  does  not  com- 
pletely purify  hself  from  disease  germs.  The  three  safeguards 
opposed  to  the  above  are: 

9.  First,  that  the  chance  is  very  rare  of  perfect  connection  of  all 
the  necessary  links  in  the  chain  of  circumstances  between  the 
dropping  of  the  pollution  and  its  seeds  of  disease  l)eing  sown  in  the 
human  system. 

10.  Second,  that  nature  has  a  wonderful  process  of  inirification 
in  natural  filtration  of  i)olluted  water  by  the  wash  from  su(di 
material  slowly  tlirougli  moderate  depths  of  sand. 
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11.  Third,  that  after  a  period  of  two  or  three  weeks  of  immersion 
in  stream  or  pond,  most  of  the  disease  germs  die,  and  that  for  most 
kinds  of  bacteria.  sunUght  is  a  great  germicide.  Tlie  coolness  of 
this  spring  water,  its  running  and  aeration  as  it  flows  in  this 
turbulent  stream,  all  tend  toward  safety..  The  precise  period  of 
detention  necessary  for  safety,  the  full  list  of  water-borne  diseases 
(which  certainly  comprises  typhoid,  dysentery,  and  cholera),  and 
the  life-history  of  these  germs,  present  important  problems  not  yet 
fully  worked  out  by  pathologists  and  bacteriologists,  but  we  may 
believe  the  main  fticts  stated  above  as  proved  beyond  all  doubt  or 
question. 

12.  It  appears  well  proved,  also,  that  some  kinds  of  disease 
germs  survive  drying  and  transportation  in  dust,  but  fhe  greatest 
danger  to  a  drinking-water  supply  lies  in  the  Avater-borne  germ, 
less  than  two  or  three  weeks  old,  from  the  bowel  discharge  of  a 
human  being  suffering  with  typhoid. 

Lest  some  timid  person  be  unnecessarily  alarmed  at  the  possi- 
bility, by  not  giving  due  regard  to  the  probability.  I  venture  a  com- 
parison with  Providence,  R.  I.,  an  old,  wealthy,  and  cultivated 
city  of  substantially  the  same  size  as  Seattle.  It  has  for  many 
years  taken  its  water  directly  from  the  flowing  stream  into  dis- 
tributing reservoirs  of  moderate  size,  presenting  only  three  or  four 
days'  detention,  and  not  until  within  the  past  year  have  its  filtra- 
tion works  been  completed.  The  number  of  inhabitants  per 
square  mile  on  this  Providence  watershed  is  315.  which  is  nearly 
100  times  as  great  as  on  the  Cedar  River  wate'rshed  of  Seattle;  and 
railroad  lines  with  frequent  local  trains  pass  along  the  porous, 
sandy  margin  of  its  river,  without  thouglit  of  sj^ecial  protection  or 
closing  of  closets,  for  distance  aggregating  more  than  10  miles 
and- with  7  bridge  crossings.  Its  last  typhoid  ejiidemic  was 
about  seventeen  years  ago.  Tliis  was  traced  to  a  case  of  typhoid 
on  the  watershed,  but  I  have  not  the  det  ails  at  hand. 

On  the  other  hand,  the  possibilities  of  the  number  of  cases  for 
which  one  or  a  very  few  sick  men  can  sow  the  seed,  have  been 
shown  in  a  remarkable  way  at  Plymoutli.  Pa.;  Waterville,  Me.; 
Windsor,  \'t.;  New  Haven,  Conn.;  Ithaca.  N.  Y.;  Chelmsford, 
Mass.;  and  elsewhere. 

13.  These  facts  have  come  to  1)0  undoi'stood  and  fully  jiroved 
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only  during  the  past  ten  to  twenty  years,  throuiih  the  profound 
and  patient  researches  of  a  few  small  groups  of  bacteriologists, 
pathologists,  and  engineers,  and  unfortunate!}'  have  not  all  of 
them  yet  become  widely  diffused  as  matters  of  common  knowledge. 
14.  This  is  particularly  true  as  regards  the  danger  that  may 
lurk  even  in  the  transparent,  attracti\e  water  of  a  pure  mountain 
.stream  that  has  become  accident  allv  liolhued. 


DANGIiU.S    IX    WATER   SUPl'LIES    FROM    RUXXIXCi    STREAMS    WITHOUT 
DETEXTIOX    OR    FILTRATIOX. 

15.  Years  ago,  before  the  recent  science  of  bacteriology  was 
born,  a  commission  of  English  sanitarians,  working  from  the 
chemist's  point  of  view,  was  led  to  report  that  a  flowing  river  did 
tend  to  purify  itself  and  that  its  impurities  became  oxidized. 

This  is  to  some  extent  doubtless  true.  I  doubt  not  that  the 
water  from  Cedar  Lake,  with  its  many  slowly  decaying  trees, 
.stumps,  logs,  and  weeds,  is  improved  as  it  tumbles  over  its  steep 
course  of  10  miles  to  the  intake,  and  that  any  deleterious  effect  of 
the  jams  of  dead  logs  and  tree  tops  along  the  stream  is  thereby 
lessened.  Bad  odors  from  decaying  organic  or  vegetable  material 
are  shaken  out  and  oxidation  is  promoted  in  water  running  over 
such  a  course. 

The  half-truth  of  stream  purification  became  widely  circulated 
and  to-day  continues  to  do  harm,  while  10  times  over  it  has  been 
proved  that  typhoid  epidemics  are  so  carried,  and  that  from  a 
single  case  along  the  tributary  100  or  1  000  citizens  farther  down 
t  he  line  may  suffer. 

16.  It  has  been  found  by  later  .studies  that  Avater  that  has  been 
held  long  in  storage  is  far  safer  than  running  water  as  a  source  of 
domestic  supply,  and  the  large  new  supplies  of  Boston  and  New 
York,  for  example,  are  being  developed  with  reliance  upon  this 
principle  of  detention  for  protection  against  the  unavoidable  minor 
pollutions. 

Other  cities  where  detention  reservoirs  are  impracticable,  for 
example,  Philadelphia,  Pittsburg,  and  Providence,  are  now  con- 
structing great  filter  plants.  So  strong  is  the  teachhig  of  recent 
science  and  practice  concerning  the  economic  value  of  this  safe- 
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sruai'd  that  I  venture  the  prediction  that  Seattle  will  ultimately., 
perhaps  twenty  years  hence,  come  to  filtration,  unless  later  sur- 
veys shall  demonstrate  the  feasibility  of  a  large  detention  reservoir, 
or  shall  show  that  sufficient  water  can  be  taken  by  infiltration 
iialleries  or  large  wells  directly  from  the  remarkable  series  of 
springs  which  enter  the  river  a  few  miles  up  stream  from  the  intake. 
For  there  are  various  possible  sources  of  pollution  already  exist- 
ing in  this  watershed,  such  as  may  produce  typhoid,  and  while 
some  are  in  process  of  remedy,  others  will  continue  or  possibly 
increase  during  the  many  j'ears  of  lumbering,  regardless  of  whether 
the  St.  Paul  road  comes  in  or  not;  indeed,  the  beauty  and  attract- 
iveness of  this  region  will  tend  more  and  more  as  time  goes  on  to 
bring  sportsmen,  fishermen,  campers,  and  strollers  into  this 
watershed. 

THE    city's    watershed. 

17.  It  is  only  five  years  since  the  city  of  Seattle  abandoned  its 
unsatisfactory  Lake  Washington  source  and  went  back  about  25 
miles  into  the  forests  and  foothills  of  the  Cascade  Mountains  and 
built  an  intake  and  diversion  dam  on  the  Cedar  River,  at  about 
550  feet  elevation  above  sea  level,  and  from  this  point  to  the  city 
constructed  a  wood-stave  pipe  hooped  with  iron,  42  inche-;  in 
diameter.  The  diversion  dam  raised  the  river  but  little  more  than 
15  feet  and  flowed  back  for  so  short  a  distance  and  so  narrt)w  a 
width  that  the  time  of  detention  in  the  pond  thus  formed  is  hardly 
more  than  two  or  three  hours,  with  the  mean  annual  rate  of 
river  flow,  and  not  mi)re  than  half  a  day  at  the  time  of  miiiinium 
flow. 

The  city  engineer  gives  the  following  data: 

The  city  now  takes  out  al)out  23  000  000  gallons  daily,  eciuiv- 
alent  to  about  35  cul)ic  feet  per  second. 

The  ))opulation  supplied,  including  certain  suljurban  districts, 
is  iieail\'  200  000. 

The  present  per  capita  cotisumjit  ion  is  thus  af)out  115  gallons 
daily. 

The  smallest  !iow  of  the  river  at  the  intake  has  l)een  found  in 
O(*to])er.  and  in  the  yeai-  1004  aniotmted  to  154  cubic  feet  per 
second. 
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Tills  iniiiiinuni  flow  is  4.4  times  the  a\-eraiiP  (juniility  now 
drawn  by  the  city. 

In  years  of  smaller  rainfall  a  smaller  ri\er  ilow  may  be  expected, 
but  just  how  small  cannot  be  slated  from  the  data  thus  far  col- 
lected, Avhich  are  very  scant. 

The  total  watershed  area  above  the  intake  is  at  least  139  scjuare 
miles  and  may  possil)ly  lie  1454  square  miles. 

This  is  made  tip  of  t  wo  areas  of  different  characteristics,  alt  houiih 
both  are  heavily  timl)ered.  T!ie  uppei'  area  is  more  within  the 
motmtains  than  the  lower,  and  comiirises  a  little  more  than  half  of 
the  whole,  its  ai'ca  tril)titai'y  to  the  profxjwed  future  high  dam 
being  75  square  miles.  All  of  this  upper  watershed  is  more  than 
1  500  feet  above  sea  level  and  i<  nearly  surrounded  l)y  mountains, 
which  increase  its  average  rainfall  above  that  observed  in  the  rain 
gage  at  the  lake:  so  that  this  upper  half  of  the  drainage  area 
received  more  than  double  the  depth  of  rain  that  falls  on  the 
lower  half  of  the  watershed. 

The  record  of  1904  gave  for  the  total  annual  rainfall  at  Cellar 
Lake,  at  an  elevation  of  about  1  530  feet,  94.4  inches. 

The  total  inches  of  rainfall  during  the  year  1904  at  the  intake  at 
an  elevation  of  about  550  feet  above  the  sea  was  48. 6  inches. 

When  the  whole  area  of  145  scjuare  miles  is  considei'ed,  it  appears 
that  the  watershed  is  being  rather  slowly  logged  off,  so  that  ten  or 
perhaps  twenty  yeai-s  may  elapse  liefore  the  lumber  camps  will  be 
withdrawn. 

The  ground  in  those  portions  not  yet  logged  is  covered  with  a 
spongelike  humus  of  decaying  vegetation,  probably  G  inches 
deep,  which  absorbs  ajid  restrains  the  rainfall  from  rapid  run-off, 
but  the  fires  that  appear  inseparable  from  luml^ering  as  now  con- 
ducted destroy  this  humus  and  leave  the  ground  almost  bare  and 
sterile. 

Cedar  Lake  for  the  u])i)er  portion,  and  the  vast  gravel  de]J0sits 
for  the  lower  ])ortion.  will,  however,  continue  to  regulate  the  run- 
off from  the  watershed  sufficiently  for  the  city's  purpose. 

The  city  has  already  purchased  about  one  tenth  of  the  entire 
watershed,  this  being  confined  mainly  to  lands  bord(M-ing  on  the 
streams  and  the  lake.  These  purchases  are  in  some  cases  suljject 
to  mineral  rights  and  the  possibility  of  future  coal  mines,  and  in 
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some  cases  a  right-of-way  for  future  possible  branch  raih'oad 
lines  has  been  reserved. 

The  city  proposes  to  purchase  additional  areas  as  fast  as  these 
are  logged  off,  and  has  arranged  with  the  general  government  to 
have  certain  of  the  lands  not  yet  sold  withdrawn  from  sale,  so 
that  ultimately  the  city  will  own  substantially  its  entire  watershed. 

It  is  of  interest  to  briefly  review  the  conditions  of  yield  and 
storage  for  the  purpose  of  learning  if  the  intake  at  the  water  works 
could  be  moved  up-stream. 

The  present  temporary  dam  at  the  outlet  of  Cedar  Lake  gives  at 
elevation  1  530  feet  above  sea  level  a  storage  reservoir  of  1  300 
acres  area  and  746  000  000  cubic  feet  capacity.  A  most  excellent 
dam  site  that  exists  a  mile  or  more  farther  down  the  stream  will 
permit  a  high  dam  to  be  constructed,  raising  the  level  of  the  lake 
60  feet,  or  to  an  elevation  of  1  590  above  sea,  giving  a  storage 
reservoir  of  more  than  6  times  the  present  volume,  or  of  1  850 
acres,  and  4  835  000  000  cubic  feet  capacity. 

This  is  equivalent  to  36  000  000  000  gallons  of  storage,  or  half 
a  year's  supply  for  2  000  000  people,  without  rain  meanwhile. 

Before  one  can  state  with  certainty  just  how  great  a  constant 
uniform  draft  this  watershed  can  be  made  to  supply,  an  extended 
study  must  be  made  of  all  Puget  Sound  rainfall  records,  and  more 
observations  must  be  had  upon  the  rainfall  and  evaporation  within 
this  mountain  region;  and  there  may  be  remote  possibilities  of 
some  escape  by  percolation  through  old  channels  filled  with 
porous  glacial  deposits. 

As  a  rough  preliminary  figure  we  can  safely  reckon  that  these 
two  watersheds  above  the  city's  present  intake  will  be  sufficient 
for  all  reasonable  uses  of  a  population  somewhere  from  5  to  10 
times  as  great  as  Seattle  now  possesses-. 

The  lower  half  of  the  watershed,  or  that  immediately  up-stream 
from  the  intake,  is  said  to  be  different  from  the  upper  in  geological 
character,  consisting  mainly  of  a  vast  deposit  of  porous  gravel, 
presumably  an  out  wash  plain  from  the  mountains,  or  of  glacial 
origin. 

A  comparison  of  the  measured  flow  of  the  river  near  the  intake 
with  the  flow  at  the  outlet  of  Cedar  Lake  also  brings  out  the  ciiar- 
acteristic  difference  of  these  watersheds. 
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While  the  natural  yield  from  the  upper  watershed  is  said  to  fall 
to  a  mininuim  of  about  30  eubir-  feet  per  second  in  Au^ist,  the 
minimum  flow  at  the  intake  dam  is  not  reached  ordinaiily  until 
October,  and  in  1904  was  found  to  be  154  cubic  feet  per  second, 
thus  showing  a  yield  from  the  lower  70  square  miles  at  time  of 
minimum  flow  more  than  4  times  as  great  as  from  the  upper  75 
square  miles.  Plainly  the  cause  of  this  is  the  absorption  of  the 
winter's  rains  by  the  porous  gravel  deposit  of  the  lower  watershed 
to  be  stored  and  slowly  given  out  by  percolation  to  the  many  large 
springs  near  the  bottom  of  the  valley.  These  vast  gravel  deposits 
thus  take  the  place  of  a  storage  reservoir  for  the  lower  watershed 
and  increase  its  available  yield. 

18.  It  will  be  seen  from  the  foregoing  that  to  seek  to  avoid  pollu- 
tion by  extending  the  city's  intake  pipe  back  to  the  power  house, 
and  thus  virtually  to  the  lake,  would  throw  away  nearly  half  of 
the  available  watershed  area,  and  an  area  from  which  the  water  is 
rendered  particularly  transparent  and  pure  by  reason  of  its 
natural  filtration.  All  of  this  watershed  will  be  needed  at  some 
future  time. 

The  higher  dam  would  have  to  be  built  much  earlier  if  the  city's 
intake  were  extended  farther  up  the  stream,  for  the  minimum 
yield  from  the  upper  watershed  is  stated  to  be,  under  present  con- 
ditions, only  30  cubic  feet  per  second,  while  the  city  to-day'  is 
using  35  cubic  feet  per  second. 

In  view  of  the  fact  that  the  normal  minimum  yield  at  the  present 
intake  is  154  cubic  feet  per  second,  or  rnore  than  4  times  as  great 
as  the  present  draft  by  the  city,  it  will  be  possible  to  defer  the 
expensive  high  dam  for  a  number  of  years  b}'  continuing  to  draw 
largely  from  the  lower  watershed. 

19.  As  the  demand  for  power  from  the  municipal  power  plant 
increases  it  will  become  more  important  to  have  a  larger  storage 
reservoir  near  the  present  intake  than  that  which  now  exists. 

The  demand  for  power  varies  greatly  at  different  hours  of  the 
day,  but  the  delivery  of  the  aqueduct  to  the  city's  reservoirs 
should  be  nearly  constant.  Wherefore  an  equalizing  reservoir 
near  the  intake  to  the  aqueduct  will,  at  some  future  time,  become 
necessary.' 
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DETAILS    OF    PROPOSED    KAILKOAD    LOCATION. 

20.  Coming  now  more  into  the  details  of  the  problem  at  hand, 
we  find  that  the  railroad,  after  running  many  trial  lines,  has  finally 
staked  out  a  line  of  location  closely  following  the  river  for  about  10 
miles  and  twice  crossing  it,  and  also  crossing  the  large  tributary  of 
Taylor  Creek.  This  line  runs  in  some  places  as  close  to  the 
water's  edge  as  the  steep  slope  of  the  high  embankment  will  per- 
mit', or  so  that  the  water  would  wash  the  foot  of  the  steep  slope, 
and  riprap  be  required  to  hold  it,  but  in  general  the  center  line 
will  be  nearly  100  feet  distant  from  the  water's  edge,  and  for 
perhaps  one  fourth  of  the  entire  distance  will  be  several  hundred 
feet  distant. 

A  view  of  the  plan,  showing  the  distance  between  the  center 
line  and  the  water's  edge,  does  not  tell  the  whole  story  of  proximity 
unless  one  takes  account  of  the  width  of  roadbed  and  the  width 
of  the  steep  sloping  embankment  tuid  of  the  somewhat  nearer 
water  line  in  time  of  flood. 

21.  The  formation  along  the  river  near  the  desired  location  is 
mainly  a  vast  glacial  deposit,  showing  broad,  deep  terraces  of 
gravel,  for  the  up-stream  5  miles,  but  with  apparently  an  increasing 
amount  of  bowlders  and  angular  stones  for  the  down-stream  por- 
tion, so  that  as  far  as  can  now  be  seen  before  the  ground  has  been 
cleared  and  burned,  there  will  be  a  very  scant  bed  of  sand  or  fine 
gravel  suitable  for  natural  filtration  of  the  wash  from  the  roadbed 
along  perhaps  2  miles  of  the  line. 

Within  a  distance  of  2  or  3  miles  up-stream  from  the  intake  are 
many  flowing  springs  breaking  out  from  under  the  terrace  near  the 
foot  of  the  proposed  railroad  embankment,  and  the  natural  surface 
at  the  railroad  center  line  is  in  many  places  moist,  making  it 
probable  that  when  the  i-ailroad  ditches  are  cut  water  will  stand  or 
flow  continuously  in  the  ditcli  beside  the  track  at  the  foot  of  the 
inner  slope. 

22.  It  is  plain  from  tramping  along  this  railroad  location  line  as 
now  revised  that  an  ea?'ne.st  effort  has  been  made  by  the  locating 
engineers  to  keep  it  farther  away  from  the  water  than  would  be 
the  custom  under  ordinary  conditions,  and  it  is  plain  that  increased 
cost   is  alreadv  incurred  in  lessening  the  length  of  roadbed  on 
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enibankiiieiit  slopiiiii  dinM-tly  to  I  he  ri\er,  l)y  inovin.u'  tlie  line 
farther  back  so  tiiat  a  considerable  portion  of  the  roadf^ecl  is  in  a 
cut. 

2o.  l^iit  it  is  also  plain  that  the  line  can,  at  somewhat  further 
increase  of  cost.be  ])ushed  still  further  away  from  the  river,  and 
that  in  many  {)laces  more  of  the  roadbed  can  be  made  in  shallow- 
cut,  so  that  there  will  be  a  natural  earth  dike  between  the  roadljed 
and  the  i'i\'er  thi'oua;h  which  the  natural  drainaiie  and  rainwash 
will  filter. 

24.  1  am  convinced  that  it  is  entiix'ly  reasonable  for  the  city, 
as  a  condition  of  ,<ii'antini!;  this  riii'ht-of-way.  to  insist  that  the  rail- 
road be  pushed  back  from  the  water  to  the  very  limit,  and  I  find 
that  the  extra  excavation  therel)y  i-equired  will  be  mainly  in 
gravel  of  loose,  easy  character,  with  some  loose  rock,  but  with  little 
or  no  ledge,  and  the  extra  cost  not  at  all  exorbitant,  so  far  as  can 
be  judged  from  the  surface  as  now  seen  prior  to  clearing. 

25.  ^lany  other  pi-ecautions  and  safeguards  not  found  in  ordi- 
nary railroad  construction  should  also  be  made  a  matter  of 
definite  agreement,  competent  inspection,  and  absolute  'enforce- 
ment, beyond  the  terms  as  they  stand  to-day  in  the  ordinance 
granting  the  right-of-way.  These  will  be  described  more  in 
detail  in  the  following  pages. 

In  part  it  should  be  rec[uired  that  a  dike  of  sand  or  gravel,  say 
at  least  3  feet  high  by  4  feet  top  width,  be  built  and  forever  main- 
tained between  the  roadbed  and  the  river  at  all  places  where  this 
is  on  the  embankment. 

Preference  should  ever^'where  be  giA'en  to  a  roadbed  in  cut,  so 
as  to  secure  a  natural  dike,  and.  in  brief,  the  most  complete  pre- 
cautions should  be  taken  regardless  of  expense,  that  any  rain- 
wash  or  polluting  material  falling  on  the  roadbed  will  be  safely 
filtered  before  reaching  the  flowing  stream. 

Although  the  chance  of  infection  is  small  and  remote,  it  is 
nevertheless  possible  and  certain,  and  we  may  well  remember  the 
instance  of  Plymouth,  Pa.,  for  example,  where  it  appears  to 
have  been  proved  that  more  than  1  000  cases  of  typhoid,  with 
114  deaths,  resulted  from  the  dejecta  of  a  typhoid  patient  being 
thrown  on  frozen  ground  on  the  banks  of  a  stream  in  a  watershed 
that  was  almost  uninhal)ited. 
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REASOXAHLEXESS   OF    CEDAR     RIVER    LOCATIOX   WITH    SAFEGUARDS 

GUARAXTEED. 

First  having  a  guaranty  of  the  safeguards  which  can  readily  be 
provided  and  which  can  surely  be  enforced,  I  am  led  to  conclude 
that  the  city  of  Seattle  may  prudently  grant  the  desired  right- 
of-way  and  that  it  would  be  unreasonable  to  withhold  it,  because 
of  the  waste  in  construction  and  operation  that  the  best  possible 
alternative  railroad  location  involves,  and  for  all  of  which  waste 
the  commercial  interests  of  Seattle  would  ultimately  have  to  help 
pay. 

The  risks  in  sanitation  that  will  remain  from  the  presence  of  the 
railroad  after  the  prescribed  safeguards  are  rigorously  provided 
will,  I  believe,  be  of  the  microscopic  and  academic  character  that 
we  continually  have  to  accept;  indeed,  it  can  be  fig-ured  out  that 
the  chance  of  pollution  from  the  railroad  after  providing  reasonable 
safeguards  will  not  be  one  tenth  as  great  as  from  other  sources  of 
possible  pollution  in  lumber  camps,  sawmill  settlements,  strollers 
along  the  stream  and  in  the  branch  railroad,  all  of  which  exist 
to-day  and  some  of  which  will  continue  to  exist  indefinitely,  and 
which,  taken  all  together,  are,  after  all,  small  in  proportion  to 
those  that  are  found  along  the  water  supplies  of  many  cities  with- 
out serious  epidemics. 

Those  fond  of  figures  ma}'  be  interested  in  the  following  com- 
putation: 

Suppose  1  000  different  passengers  per  day  to  pass  through 
the  Cedar  River  watershed  on  the  St.  Paul  road;  this  is  365  000 
per  year.  Health  statistics  of  ^Massachusetts  (the  most  complete 
in  the  United  States)  show  1.24  cases  of  typhoid  per  1  000  inhabi- 
tants per  year.  Convalescents  and  those  who  have  the  disease  in 
a  mild  form,  in  the  firsl  week  or  two  of  the  disease,  may  travel. 
We  can  at  most  assume  that  450  out  of  all  these  365  000  passengers, 
would  have  typhoid  at  some  time  during  the  year.  Calling  the 
duration  of  those  stages  of  the  disease  within  which  one  could 
travel  a  month,  or  one  twelfth  of  a  year,  we  can  expect  only  37 
persons  actually, in  the  infectious  stages  will  travel  over  the  road 
during  the  year. 

If  these  have  so  many  as  4  stools  per  day,  the  chance  is  that 
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in  \]\c  t\\enty  mimites  (or  one-seventy-sccond  of  a  day)  o(TUi)ie(l 
by  ordinary  trains  passing  through  tlie  watershed,  these  37  cases 
Avould  produce:  Thirty-seven  cases  nudtiphed  by  4  stools,  divided 
l)y  72.  equals  2  stools  per  year  on  tra(d<;  or  the  j)robability  is  that 
only  2  discharges  per  year  of  excreta  from  typhoid  patients  are 
likely  to  be  dropped  on  this  entire  10  miles  of  roadbed  from 
passengers. 

When  Ave  consider  that  one  of  the  residents  of  a  lumljer  camp 
sick  with  typhoid  may  have  an  average  of  say  2  stools  per  day 
(we  have  Hgured  twice  this  for  tlie  passengers),  or  say  at  least 
50  stools  during  his  entire  illness,  iliis  is  25  times  as  many  as  we 
figure  out  as  likely  to  come  from  all  the  passengers  in  a  year. 

With  500  persons  resident  in  the  watershed,  the  pro))nl)ility  is  of 
only  .62  cases  of  typhoid  per  year  among  them,  and,  of  course, 
most  of  these  residents  are  remote  from  the  stream. 

Figuring  it  in  another  form,  and  assuming  the  domicile  in  as 
close  proximity  to  the  stream  as  t«he  track:  A  resident  population 
of 

2  X   1  000 

50  X   1.24 

persons  would  produce  the  same  chance  of  infection  that  will  be 
])resented  by  1  000  passengers  per  day  on  the  trains. 

20.  I  am  told  that  the  best  alternative  railroad  location  outside 
of  the  watershed  or  not  alongside  tlie  city's  source  of  water  supply 
will  retjuire  from  5  to  7  miles  greater  distance  and  necessitate  a 
ruling  gradient  0.25  per  cent,  steeper  eastward  for  nearly  20  miles, 
approaching  the  mountain  di\-ision,  adding  that  much  to  the  dis- 
tance over  which  helper  engines  must  run;  and  that,  in  addition  to 
the  greater  length,  sharper  curves,  which  tend  to  limit  speed,  must 
be  used,  and  that  much  more  expensive  trestles  and  high  embank- 
ments must  be  built,  and  that  some  adverse  gradient  westward 
would  also  have  to  be  incurretl. 

27.  With  the  desired  line  down  Cedar  River  valley,  a  continuous 
grade  of  eight -tenths  of  1  per  cent,  can  be  secured  and  the  curves 
need  nowhere  be  sharper  than  3  degrees,  permitting  high-speed 
passenger  service  Aviih  outer  rail  elevation  ada]ited  also  for  low- 
speed  freight .  and  the  lay  of  the  land,  its  slopes  and  st  ream  crossing 
nowhere  invite  slides  or  washouts. 
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POSSIHLK    DAXCiERS    TO    BE    GUARDED    AGAIXST. 

28.  The  const  ruction  of  this  10  miles  of  raih-oad  alongside  the 
city's  water  source  introduces  the  following  specific  dangers  to  be 
guarded  against : 

{a)  For  about  a  year's  duration  construction  gangs  aggregating 
about  500  men  will  l)e  employed  along  this  10  miles  of  river,  there- 
by not  onl>'  doubling  the  present  total  population,  'out  placing  all 
of  these  new  men  very  near  to  the  main  st  ream.  There  will  also  be 
many  camp  followers  and  tramps. 

ib)  At  the  foot  of  the  steeper  eastward  grade,  near  the  city's 
power  house,  a  station  for  helper  locomotives  will  be  established, 
with  a  round  house  and  a  few  residences,  which  will  increase  as  the 
business  of  the  railroad  grows.  It  is  feasible  to  locate  all  of  these 
buildings  so  that  although  located  within  200  feet  of  the  river 
their  drainage  can  pass  down  an  ancient  channel  into  another 
stream,  because  of  the  very  peculiar  lay  of  the  land  at  this  point. 
Rut  the  bringing  of  this  additional  population  brings  more  persons 
who  will  fish,  hunt,  or  stroll  along  the  nearby  stream  and  who  may 
chance  to  some  time  thoughtlessly  pollute  it. 

(c)  After  the  road  reaches  the  operating  stage,  the  passenger 
trains  and  freight  trains  will  continually  carry  more  and  more,  and 
with  human  nature  as  it  is  there  will  always  be  the  chance  of 
dangerous  pollution  dropped  on  the  roadbed  b}-  those  in  the  early 
stage  of  typhoid,  dysentery,  or  other  disease,  in  spite  of  the  rules 
to  lock  the  toilet  rooms  tluring  the  one-third  or  one-half  hour 
occupied  In'  a  train  in  ):)assing. 

Freight  trains  and  sometimes  passenger  trains  will  l)o  ch^tained 
on  the  long  siding  midway. 

(d)  From  6  to  10  section  men  will  l)e  continually  engaged  in 
maintenance  work  on  this  U)  oi-  I  1  niiles  of  track  close  to  the  river. 

(c)  By  opening  up  the  country  and  making  it  more  accessible  to 
fishermen  and  sportsmen  and  picnickers,  a  railroad  will  be  the 
means  of  bringing  more  people  along  the  banks  of  the  stream. 

(/)  Tramps,  careless  and  reckless  of  regulations,  will  prol)abl\'. 
in  course  of  time,  follow  the  railroad  line. 

(g)  Double  tracking  or  new  bridges,  wrecks  or  ot  her  work  bring- 
ing in  large  gangs  of  workmen,  are  all  likel>'  lo  come  in  cour.se  of 
time. 
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29.  The  safeguards  against  the  possible  danger  of  pollution  from 
the  causes  just  described  are  all  matters  of  simple  care  and  com- 
mon sense,  all  centering  around  the  idea  of  keeping  people  out  of 
the  watershed  or  away  from  the  trilmtar}'  streams  so  far  as  possi- 
ble, and  of  so  placing  camps,  latrines,  sidings,  and  main  roadbed 
that  the  rain-wash  from  any  defections  or  other  pollutions  will 
filter  through  a  safe  thickness  of  sand  or  fine  gravel  before  it 
reaches  the  stream,  and  that  all  these  localities  shall  be  so  far 
removed  from  the  water  or  so  shielded  as  to  practically  remove 
the  chance  of  dust  contaiiiitig  any  of  these  germs  from  being 
bloAvn  into  the  water. 

SANITARY    ()\EHSR;HT    REQUIRED. 

30.  The  detailed  specifications  for  much  of  this  work  cannot  be 
properly  made  until  the  100-foot  right-of-way  has  been  opened  up 
and  enough  of  the  cut  made  to  disclose  the  character  of  the 
ground  for  filtration,  and  whether  flowing  springs  develop  in  the 
hillside  districts;  therefore  the  oversight  of  the  whole  matter 
should  be  placed  with  some  competent  sanitary  engineer,  working 
under  authority  of  the  city  of  Seattle  and  the  state  board  of  health, 
who  should,  from  time  to  time,  go  over  the  line  as  construction 
progresses,  in  consultation  with  the  chief  engineer  of  the  railroad, 
to  frame  such  detailed  specification  as  may  be  demanded  by  the 
character  of  the  ground. 

The  supervising  sanitary  engineer  should  have  his  deputy  con- 
tinually on  the  ground  during  the  progress  of  the  work  in  the 
person  of  the  chief  sanitary  inspector. 

During  the  year  of  active  construction  this  chief  sanitary  in- 
spector will  require  the  services  of  3  or  4  deputies  to  look  after  the 
details  of  sanitation  properly.  At  least  one  of  these  should  l^e  a 
physician  skilled  in  the  detection  of  typhoid  and  who  should  keep 
close  watch  of  the  health  at  the  several  camps.  The  entire  line 
where  work  is  going  on  should  be  patrolled  twice  daily. 

After  the  construction  period  is  over  an  inspection  should  be 
made  at  least  once  a  month  over  the  entire  length  of  the  railroad 
line  of  the  St.  Paul  and  also  over  the  present  Northern  Pacific 
branch  railroad.  The  sawmill  village  and  the  several  lumber 
camps  and  the  shores  of  the  main  stream  all  the  way  above  the 
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intake  should  also  be  insi^ected  once  a  month  by  ^onie  one  tramed 
in  sanitary  science,  and  a  record  made  on  a  carefully  prepared 
blank,  giving  the  conditions  found,  should  be  placed  on  file  with 
the  city  water  department. 

31.  Three  or  possibly  4  construction  camps  will  be  needed 
during  the  building  of  this  1 0  or  1 1  miles.  Two  of  these  camps  can 
be  located  outside  of  the  watershed,  one  at  either  end. 

There  are  admirable  locations  for  the  1  or  2  intermediate  camps 
at  points  where  the  roadbed  is  located  upon  a  bench  several  hun- 
dred feet  liack  from  the  river. 

32.  Each  of  these  1  or  2  camps  within  the  watershed  should  have 
its  water  supply  piped  in  for  drinking,  cooking,  and  washing,  and 
with  hot  water  also  on  tap.  This  camp  supply  in  general  should 
be  made  more  convenient  than  to  visit  the  river  for  water.  Deep 
pits  should  be  dug  into  which  all  drainage  from  washing  and  cook- 
ing should  be  led  to  slo\Aly  filter  away.  Numerous  light  wooden 
privies  that  can  be  readily  mo\-ed  should  be  built  and  placed  over 
pits,  and  these  should  be  regularly  disinfected  by  lime  and  slowly 
refilled  with  earth.  A  barbed  wire  fence  of  double  strength  should 
separate  the  camp  from  the  river.  Before  occupancy  the  camp 
ground  should  be  cleared  of  all  trees  and  underbrush  and  the  space 
between  the  camp  and  the  river  should  also  be  cleared  and  burned 
for  half  a  mile  each  way  along  the  line  so  as  to  remove  all  cover. 

Then  with  a  sufficient  number  of  sanitary  inspectors  and  the 
prompt  discharge  of  offenders,  it  will  be  entireh'  feasible  to  make  the 
camp  safe,  as  has  been  done  on  recent  large  work  for  the  city  of 
]-ioston  close  beside  its  water  sources,  where  many  foreign  laborers 
were  employed. 

It  should  be  made  a  part  of  the  contract  between  the  city  and 
the  railroad  that  any  laborer,  foreman,  or  other  employee  caught 
t  ransgressing  the  sanitary  rules  will  be  immediately  dismissed ;  and 
if  one  or  more  of  the  sanitary  inspectors  be  giA^en  authority  of  a 
constable  to  arrest  any  offender  against  the  health  ordinance,  it 
will  help. 

LOCATION    OF    RAILROAD    FARTHER    RACK    FROM    RIVER. 

33.  A  relocation  of  the  I'ailroad  line  farther  ba(dv  from  the  river 
is  the  first  work  d(>manding  attention. 
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To  do  this  important  work  in  the  best  manner  and  as  a  basis  for 
hiying  out  the  further  safeguards,  a  new  survey  map  should  be 
made  on  the  scale  of  100  feet  to  the  inch,  utilizing  all  present  topo- 
graphic notes  and  immediately  putting  surveyors  in  the  field  to 
extend  the  contours  to  cover  with  greater  precision  all  of  the 
ground  between  the  road  and  the  river  and  to  reach  up  to  the  top 
of  the  terrace. 

p]NLARGED    DETENTION    RESERVOIR    AT    INTAKE. 

34.  The  railroad  grade  may  need  to  be  placed  at  an  elevation 
perhaps  20  feet  higher  (more  or  less)  than  it  has  yet  been  located, 
where  it  crosses  the  intake  pond  of  the  city  water  works,  in  order 
that  the  city  may  not  sacrifice  its  opportunity  to  construct  more  of 
a  detention  and  equalizing  reservoir  at  the  intake.  Reference  has 
already  been  made  to  its  importance  at  some  future  time,  for 
equalizing  the  irregular  draft  of  water  for  power,  so  that  it  may  be 
taken  into  the  water  supply  conduit  at  a  uniform  rate,  and  what- 
ever can  be  gained  in  detention  of  the  water  from  the  rapidly  flow- 
ing stream  before  it  enters  the  city's  supply  will  be  an   advantage. 

Surveys  and  studies  on  behalf  of  the  city  are  needed  to  find  out 
just  how  far  such  an  enlargement  of  the  present  intake  pond  is 
feasible.  The  railroad's  line  as  now  surveyed  is  understood  to 
permit  little  or  no  enlargement,  and  its  engineers  will  naturally  be 
opposed  to  raising  the  grade  at  this  point. 

Apparently  no  very  good  opportunity  exists  for  a  sufficient 
detention  at  the  intake,  this  being  complicated  by  the  fact  that 
the  flood  flow  is  many  times  larger  than  the  city's  present  rate  of 
draft;  but  this  condition  will  change  somewhat  as  the  city  grows 
and  the  Cedar  Lake  storage  capacity  is  largely  increased,  and 
the  matter  is  well  worth  the  cost  of  immediate  surveys  and  studies 
before  the  railroad  makes  the  larger  reservoir  at  this  point  forever 
impracticable. 

CLEARING    GROUND    BETWEEN    THE    RAILROAD    AND    THE    RIVER. 

35.  The  trees  should  be  cut,  the  logs  removed,  the  stumps  and 
dead  wood  burned,  for  the  entire  100-foot  width  of  right-of-way 
of  the  railroad.     The  ground  between  the  railroad  and  the  river 


4S()  I'OI.I.I'IIOX   OK   WATKR  SUPPLIKS   TiY   R AII.rtOADS. 

should  all  be  siinilaily  cleared  and  ke])t  (deared.  1  he  ()l)ject  l)ein,ii" 
to  remove  all  cover  and  to  permit  easy  inspection  from  t  he  railrcxid 
and  the  jii'ompt  discovery  of  any  trespassers. 

The  city,  for  its  part ,  iniiiht  also  completely  (dear  a  strip  100  to 
200  ieht  wide  on  the  o])posite  bank,  also  for  the  purpose  of  remov- 
ing cover  and  for  makina:  its  sanitary  patrol  easy  and  efficient. 

The  value  of  shade  for  keepinii  the  watei-  luoic  cool  is  mainly 
fanciful  and  far  less  than  the  value  of  the  sun  as  a  germicide. 
Ease  of  inspection  is  one  of  the  greatest  of  all  safeguards. 

FENCINC!. 

36.  A  barbed-wire  fence  should  also  be  built  along  the  inner 
boundary  of  the  railroad's  land  as  soon  as  the  work  of  felling 
trees,  burning  and  clearing  is  completed.  This  fence  should  be 
extra  strong  and  tight,  its  object  being  to  impede  access  to  the 
water  of  tramps,  railroad  section  men,  or  those  who  may  leave  the 
t  rains  in  case  of  accidents  or  detentions  at  sidings. 

Should  it  be  concluded  that  it  is  too  much  to  ask  for  the  main- 
tenance of  such  a  fence  over  all  of  this  10  or  11  miles,  it  should 
certainly  be  insisted  upon  for  a  strip  nearly  a  mile  in  length  near 
each  construction  cam])  and  near  the  jxM'manent  siding. 

CULVERTS. 

37.  (Xd verts,  preferably  of  cast-iron  pipe,  of  ample  size,  with 
tight  joints,  should  be  laid  safely  below  frost,  and  for  the  entire 
100-foot  width  of  the  right-of-way,  for  all  small  streams,  flowing 
springs,  and  gulleys  that  give  evidence  of  stream  flow  in  time  of 
rain. 

.\n  efl'ort  should  everywhere  be  made  to  i)rote.ct  these  small 
natural  streams  that  cross  under  the  roadway  from  any  possible 
rain-wash  of  polluting  material  drop])ed  on  the  railroad  right- 
of-way  by  passenger,  tramp,  trainhand,  or  woi'kman. 

SI  UK  nrrcHKs  and  drains. 

3S.  Where  the  railroad  cut  lies  thro\igh  moist  ground,  so  that 
water  percolates  into  the  ditch  on  the  u|)hill  side,  foi'ming  at  times 
a  running  stream  along  the  ditch,  the  ditch  should  1)(>  deepened 


AIM'KNDI.V  C.  481 

;i])out  3  feet  or  iKoie.  atn'ordiuii'  to  cifcuinstaiices,  aiul  Ikivc  a 
width  of  at  least  2  feet.  In  tlie  bottom  of  this  trench  vitiified 
<i!'uin  pipe,  not  less  than  (i  inehes  in  tliaineter.  and  iieneially  more, 
aec'Oi'dini:;  to  extent  and  len.uth  of  water  found,  should  be  laid  with 
open  joints,  suri'ounded  and  covered  with  coarse  .ii;raA-el  for  at  least 
1  foot  in  tlejjth,  ;ind  over  this  filled  \\ith  Wwc  uravel  up  to  the 
ordinary  form  of  a  railroad  side  ditch.  This  drain  ])ipe  should  be 
extended  a  siitlicient  distance  thi-ou,<>,h  dry,  [)orous  ,<>:i-a\-el  1o  |)ermit 
the  water  thus  collected  to  filter  away  throui;h  a  safe  distance  of 
not  too  eoai'se  earth  liefore  i-ea(diing  the  i-iver. 

39.  There  are  several  localities  within  this  10  miles  where,  so 
far  as  can  to-day  bo  seen,  the  ground  will  be  found  so  rocky  after 
the  liumus  is  burned  off  that  it  will  perhaps  pi-ove  unsuitable  for 
filtering  material.  This  is  particulai'ly  true  at  several  points 
within  2  or  3  miles  of  the  intake..  At  such  points  the  rain-wash 
from  pollution  dropped  on  the  road  ballast  might  fail  of  proj)er 
detention  and  puiification  indess  ditcdies  and  drains  are  con- 
structed as  described  in  the  preceding  paragraph.  It  may,  after 
further  in^'estigation,  be  found  best  to  carry  large  drains  of  the 
type  just  described  down  stream  from  localities  near  the  intake  so 
that  they  will  discharge  below  the  watershed  limits.  The  fact 
that  the  grade  of  the  railroad  descends  without  interruption  at  the 
rate  of  about  40  feet  per  mile  for  the  entii-e  distance  of  10  miles 
makes  drains  of  this  kind  feasible. 

The  details  of  side-dit(dies  and  vitrified  pi])e  drains  and  the 
gravel  covering  them  will  have  to  l)e  studied  out  on  the  gromid 
after  its  character  has  been  more  fully  shown  up  l)y  (dearing  off 
the  timber  and  dead  wood,  burning  off  the  humus,  and  making 
the  main  cut. 

SIDIXG. 

40.  Old}'  one  side  track  for  passing  trains  is  desired  within  this 
10  miles.  An  excellent  site  for  this  is  found  on  a  high  bench  or 
terrace  of  gravel  nearly  opposite  the  sawmill  village  of  Barneston. 
At  the  site  of  this  siding  the  railroad  line  should  be  crowded  against 
the  hill  so  as  to  give  greatest  possible  distance  from  the  river.  By 
so  doing  a  distance  will  intervene  that  can  be  regarded  as  entirely 
safe. 
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To  provide  against  possible  pollution  during  the  long  detention 
of  freight  trains  here,  3  or  4  small,  neat  privies  should  be  con- 
structed along  the  line  over  pits  dug  deep  in  gravel,  and  the  Avhole 
properly  cared  for  as  part  of  the  regular  maintenance  work  of  the 
section  gang. 

Here  and  at  all  tool  houses  for  the  section  gangs  it  may  not  be 
amiss  to  pipe  from  the  small  spring  on  the  hillside  so  as  to  give  a 
convenient  drinking-water  place,  and  to  lead  the  drainage  there- 
from into  a  blind  drain  in  the  porous  gravel. 

A  location  about  a  mile  below  Barneston  also  furnishes  a 
favorable  site  for  one  of  the  construction  camps  and  for  a  tool 
house  and  headquarters  for  the  section  gang. 

The  ordinance  should  forbid  any  regular  station  on  the  railroad 
within  the  waterslied. 

SECTION    GANGS. 

41.  After  the  railroad  construction  is  finished  and  the  road  is  in 
operation,  its  maintenance  will  require  the  continual  services  of, 
say,  H  section  gangs  for  this  10  miles. 

It  can  doubtless  be  arranged  that  only  1  gang  will  have  its 
headquarters  and  its  tool-  house  within  the  watershed  limits, 
while  the  ends  are  cared  for  by  the  gangs  domiciled  just  outside. 

Conspicuous  notices,  in  large  type,  should  be  placed  in  all  the 
section  tool  houses  for  each  of  the  3  gangs  that  work  within  this 
watershed,  directing  attention  to  the  preservation  of  the  purity 
of  the  city's  water  supply.  Small,  neat  privies  over  deep  pits 
should  be  maintained,  at  convenient  intervals,  for  the  section 
gangs  along  the  entire  10  miles  of  road  within  the  watershed,  to 
the  satisfaction  of  the  city's  sanitary  inspector,  and  the  section 
men  should  be  instructed  to  bury,  immediately,  any  polluting 
material  found  on  the  track. 

BRIDGES. 

42.  It  is  already  prescribed  in  the  ordinance  that  the  bridges 
are  to  be  tight  deck  bridges.  The  St.  Paul  road  crosses  the  main 
river  twice  within  the  watershed  and  makes  an  equally  important 
crossing  of  Taylor  Creek,  which  is  also  a  large,  rapidly  flow- 
ing; stream. 
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It  would  be  almost  impracticable  to  secure  by  ordinary  methods 
of  railroad  liridoe  construction  a  deck  so  tight  that  heavy  rain 
would  not  wash  ])()llution  throusih  it  or  around  the  end  of  its 
parapet  back  into  the  stream. 

Special  care,  therefore,  must  be  given.  i\Iy  recommendation 
is  for  a  reinforced  concrete  arch  bridge  at  each  of  these  3  important 
crossings,  having  the  top  of  its  arch,  say,  at  least  2  feet  below  the 
bottom  of  the  ballast  and  with  a  space  over  the  arch  filled  with 
moderately  coarse  porous  sand,  such  as  will  afford  good  filtration. 
The  side  parapets  should  be  carried  up  4  feet  above  the  rail  and 
extended  for  at  least  50  feet  into  the  bank  beyond  the  high  water 
line. 

The  smaller  creeks  and  the  channels  that  run  strong  in  time  of 
heavy  rams  should  each  be  the  sul^ject  of  a  somewhat  similar 
precaution. 

HELPER-ENGINE    STATION. 

43.  Near  to  the  city's  electric  power  station,  but  just  outside 
the  city's  watershed,  there  will  be  located  a  small  round  house  for 
locomotives  used  to  help  trains  up  the  heavier  eastward  grade  that 
begins  near  this  point.  The  lay  of  the  land  here  is  so  peculiar  that, 
although  distant  but  a  few  liundred  feet  from  Cedar  River,  all  of 
these  buildings  can  be  made  to  drain  outside  the  watershed,  and 
the  only  danger  is  that  as  business  grows  and  the  station  becomes 
larger,  men  off  duty,  or  members  of  their  families,  will  stroll 
along  the  river  and  might  thoughtlessly  pollute  it.  It  will  doubt- 
less be  sufficient  for  the  city  to  require  the  maintenance  of  an 
extra  strong  and  tight  barbed  wii'e  fence  along  the  railroad  location 
here,  and  to  post  conspicuous  notices  asking  for  thoughtful  care 
in  preserving  the  purity  of  the  water. 

AXTI-POLLUTION    NOTICES. 

44.  It  will  be  useful  for  the  city  to  prepare  a  large  number  of 
conspicuous  notices,  printed  on  cloth  in  very  coarse  type,  briefly 
asking  the  cooperation  of  all  who  walk  along  these  portions  of  the 
river  to  lend  their  aid  in  preserving  the  purity  of  the  city's  drinking 
water  supply,  and  to  nail  these  to  posts  and  trees  all  along  the  line 
of  Cedar  River,  and  also  along  those  creeks  and  valleys  that  pass 
near  to  the  lumber  camps. 
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Such  a  request  for  friendl}'  aid  will  doubtless  be  as  efficient  as 
postino-  copies  nf  the  health  oidinances  with  a  desci'iption  of  the 
penalties. 

LOCKINCi    OF    I'HIVV    DOORS    OX    CARS. 

45.  Representatives  of  the  railroad  have  offered  the  suggestion 
that  the  closet  doors  could  l)e  locked,  during  the  times  that  trains 
are  passing  ovei-  this  10  or  1 1  miles  of  track  within  the  city's  water- 
shed, and,  perhaps  relying  on  this  safeguard  as  sufficient,  had  not 
proposed  such  extensive  structural  precautions  as  I  have  outlined 
above. 

It  appears  certain  to  me,  after  careful  consideration  of  the  known 
facts  regarding  typhoid  and  of  the  epidemics  that  have  been 
plainly  traced  to  pollution  of  a  flowing  stream,  that  the  safety  of 
the  citizens  of  Seattle  demands  the  more  certain,  although  mucdi 
more  experisive,  safeguards  herein  recommended. 

The  time  of  crossing  the  watershed  by  a  passenger  train  on  an 
up-grade  might  often  be  nearly  half  an  hour,  and  for  a  freight  train 
the  period  would  be  longer,  and  still  longer  periods  wdthin  the 
'watershed  are  probable  in  case  of  detention  at  the  siding  waiting 
for  a  belated  train,  or  wliile  waiting  for  a  clear  track  after  a 
wreck. 

Persons  coming  down  sick  or  homeward  bound  with  Ty[)h()i(l  or 
dysentery,  or  in  the  early  and  unrecognized,  but  infectious,  stages 
may  be  among  the  passengers,  and  it  is  too  much  to  expect  or  to 
require  that  the  door  would  always  be  kept  locked  against  urgent 
need. 

Detachable  pans  undei'  the  car  closet  may  possibly,  at  some 
future  time,  come  into  use,  as  is  now  being  done  on  some  German 
railroads,  but  it  is  too  much  to  expect  that  their  use  could  be  relied 
on  on  all  sorts  of  cais  on  this  lO-mile  run  between  unimportant 
stations  out  in  the  woods.  The  only  safe  way  is  to  safeguard  the 
roadbed  construction  on  the  theory  that  closets  will  often  be  left 
un]o(d<ed,  and  then  add  to  the  safety  ])y  keeping  them  closed  as 
much  as  can  ]iroperly  be  done. 

RKMEDV   OF  KXISTINC   POSSIBLE  SOITRCES  OF  POLLU  riOX, 

46,  ^ly  own  examination  was  confined  to  the  proposed  St.  Paul 
raih'oad  line  and  the  ten-itoi'v  ndiacent  thereto. 


.\i'im;.\1)ix  (".  485 

Wliatever  chances  of  pollution  may  exist  to-day.  these  are 
plainly  no  justification  for  an  increase  in  the  chance  of  pollution, 
;in(l  therefoie  I  did  not  consider  that  the  pi'esent  ([uestion  reciuiix'd 
me  to  seek  out  the  various  settlements  in  the  watershed  oi-  to 
inspect  the  luml^er  camps,  but  at  liarneston  our  party  spent  the 
night,  and  thus  had  opportunity  to  note  existiut;' conditions. 

1  am  told  that  there  ai-e  now  about  500  pci'sons  resident  within 
this  watershed.  This  is  a  remarkably  small  number  per  square 
mile  as  city  waterslieds  h;o,  and  would  not  give  rise  to  serious 
a})prehension  except  for  the  fact  that  the  city  takes  its  water 
directly  from  the  rapidly  flowing  stream  and  that  a  part  of  this 
population,  at  least,  resides  in  undesira])le  pi'oximity  to  rapidly 
flowing  tributaries. 

At  Barneston  the  village  of  the  ■la})anese  sawmill  laborers,  in 
time  of  heavy  rains,  now  drains  directly  into  Cedar  River,  liut  I  am 
told  that  new  houses  for  these  laborers  are  already  approaching 
completion  and  that  present  houses  and  privies  will  soon  be  torn 
down.  So  in  the  luml)er  camps  and  elsewhere  doubtless  improve- 
ment will  ])e  the  order  of  the  future,  and  the  (diief  sanitary  in- 
spector that  the  city  employs  on  this  railroad  work  may,  during 
the  year  of  railroad  building,  very  properly  extend  the  scope  of  his 
inquiry  and  study  of  improved  conditions  throughout  the  water- 
shed. 

INVESTIGATIONS    FOR    lMPROVp:MEXT  OF    SUPPLY. 

47.  With  the  best  sanitary  inspection  that  is  practicable  a  rapidly 
flowing  stream  will  always  present  some  remote  chance  of  danger, 
and  therefore  I  am  led  to  earnestly  recommend  that  the  city 
engineer  make,  in  the  immediate  future,  a  sufficient  reconnaissance 
both  for  the  enlarged  detention  ]•eser^•oir  at  the  intake  alre^idy 
mentioned  and  also  for  learning  just  what  opportunity  there  may 
be  of  securing  a  supply  sufficient  for  the  present  needs  of  the  city 
from  the  remarkable  series  of  large  cool  springs  within  2  or  3 
miles  of  the  present  intake.  An  inspection  of  the  map  of  the 
watershed  boundaries  gives  small  hope  that  these  springs  will 
.suffice  for  anything  more  than  a  tempoi-ary  supply,  but  the 
present  is  a  good  time  for  reviewing  all  of  these  possibilities  and  for 
making  full  and  precise  measurements  that  will  l)e  very  useful  in 
all  future  studies. 
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Fisnixt;. 

So  long  as  no  detention  reservoir  exists  and  the  water  is  without 
filtration,  fishing  along  Cedar  River  abc^ve  the  city's  Intake  may 
well  be  prohibited,  not  on  account  of  the  fishing,  but  simply  as 
one  more  means  of  lessening  the  chance  of  a  man  in  the  early  and 
unrecognized  stages  of  typhoid  strolling  along  this  stream.  Even 
the  spit  of  one  coming  dowTi  with  typhoid  is  said  to  contain  the 
germs  of  the  disease,  and  the  typhoid  bacillus  sometimes  continues 
to  be  found  in  the  urine  for  several  weeks  after  the  patient  is  so  far 
convalescent  as  to  be  walking  around. 

SWAN    LAKE    AS    A    DETENTION    RESERVOIR. 

A  part  of  the  chief  engineer's  original  plans  was  to  provide  a 
period  of  detention  of  the  Cedar  River  water  in  Swan  Lake.  This 
lake  is  reported  to  have  been  found  containing  large  quantities  of 
wild  fowl  guano  at  its  upper  end,  and  it  is  also  stated  that  the 
elevation  above  sea  level  is  somewhat  smaller  than  desirable  for 
economy  in  size  of  aqueduct  to  the  higher  levels  of  the  city. 

In  view  of  the  well-known  possibilities  of  danger  in  taking 
water  from  a  flowing  stream,  I  venture  to  suggest  that  this  whole 
matter  of  Swan  Lake  and  other  possible  sites  for  a  detention 
reservoir  should  be  carefully  studied  anew. 

The  expense  already  incurred  Ijy  the  city  in  securing  a  sparsely 
settled  mountain  watershed,  and  in  systematically  beginning  to 
purchase  the  fee  to  the  entire  area  as  a  means  of  excluding  pollu- 
tion, the  excellence  of  this  gathering  ground,  its  sufficiency  for  the 
city  for  many  years  in  the  future,  the  great  importance  of  a  supply 
of  water  pure  beyond  suspicion  as  an  asset  in  encouraging  the  city's 
growth,  all  concur  to  make  this  question  of  avoiding  any  new 
source  of  pollution  paramount. 

The    one    death    per   thousand    inhabitants    per    year   from 

water-borne  typhoid  may  as  easily  be  the  foremost  citizen  as  the 

humblest. 

Respectfully  submitted, 

JOHN  R.  FREEMAN, 

Consulting  Hiidraulic  Engineer. 
August,  1906. 
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November  Meeting. 

Hotel  Brunswick, 
Boston,  November  14,  1906. 
President  ^^'illiam  T.  Sedgwick  in  the  chair. 
Before  the  members  took  seats,  a  toast  was  drunk  in  silence  to 
the  memoiT  of  Freeman  Clai'ke  Coflin,  whose  funci'al   fell  on  the 
day  of  the  meeting. 

The  following  members  and  guests  were  in  attendance: 

Mejibers. 
S.  A.  Agnew,  C.  H.  Baldwin,  L.  M.  Bancroft,  J.  E.  Beals,  F.  D.  Berry,  J.  M. 
Birmingham,  J.  \V.  Blackmer,  E.  C.  Brooks,  G.  A.  P.  Bucknam,  George 
Cassell,  C.  E.  Childs,  J.  C.  Chase,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  W.  R. 
Conard,  M.  J.  Doyle,  C.  R.  Felton,  Desmond  FitzGerald,  A.  N.  French,  F.  L. 
Fuller,  J.  C.  Gilbert,  A.  S.  Glover,  J.  O.  Hall,  L.  M.  Hastings,  V.  C.  Hastings, 
T.  G.  Hazard,  Jr.,  D.  A.  Heffenian,  H.  G.  Holden,  J.  L.  Howard,  Willard 
Kent,  G.  A.  Kimball,  G.  A.  King,  Morris  Ivnowles,  E.  E.  Lochridge,  Thomas 
^IcKenzie,  Hugh  McLean,  H.  V.  Macksey,  D.  E.  Makepeace,  A.  E.  Martin, 
W.  E.  Maybury,  Jolm  Mayo,  F.  E.  Merrill,  H.  A.  Miller,  Wm.  Naylor, 
F.  L.  Northrop,  J.  H.  Perkins,  W.  W.  Robertson,  E.  M.  Shedd,  G.  A.  Stacy, 
J.  A.  Tilden,  A.  Townsend,  R.  J.  Thomas,  H.  L.  Thomas,  W.  H.  Thomas, 
J.L.Tighe,  D.N.  Tower,  W.H.Vaughn,  C.K.Walker,  J.C.Whitney,  F.  E. 
Winsor,  G.  E.  Winslow.  —  61. 

Honorary  Members. 

W.  T.  SedgAvick,  F.  W.  Shepperd.  —  2. 

Associates. 

Ashton  Valve  Company,  ))y  C.  W.  Houghton;  Harold  L.  Bond  &  Co., 
by  Harold  L.  Bond;  Hersey  Manufacturing  Company,  by  Albert  S.  Glover, 
J.  A.  Tilden,  F.  A.  Smith,  W.  A.  Hersej^,  H.  V.  Macksey;  International  Steam 
Pump  Company,  by  Sam'l  Harrison ;  Ludlow  Valve  Manufacturing  Company, 
by  H.  F.  Gould;  H.  Mueller  Manufacturing  Company,  by  O.  B.  Mueller  and 
Geo.  A.  Caldwell;  National  Meter  Company,  by  Chas.  H.  Baldwin  and  J.  G. 
Lufkin;  Neptune  Meter  Company,  by  H.  H.  Kinsey;  Perrin,  Scamans  & 
Co.,  by  Chas.  E.  Godfrey;  Rensselaer  Manufacturing  Compan}',  bj^  Fred  S. 
Bates  and  C.  L.  Brown;  A.  P.  Smith  Manufacturing  Company,  by  F.  N. 
Whitcomb;  Piatt  Iron  Works  Company,  b}^  F.  H.  Hayes;  Thomson  Meter 
Company,  by  S.  D.  Higley  and  E.  M.  Shedd:  Union  Water  Meter  Company, 
by   Edw.   F.  King   and    F.    L.    Northrop;     United    States  Cast    Iron    Pipe 
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and  Foundry  Compam',  by  F.  W.  Xevins;    K.  D.  Wood  &  Co.,  by  Wm.  F. 
Woodburn;  Water  Works  Equipment  T'onipany,  by  W.  H.  Van  ^\'irlkle.  — 26. 

GUE.ST.S. 

George  H.  Fianeran,  Thomas  A.  Lennon,  Boston,  Ma.ss.;  E.  L.  Harvell 
and  John  H.  liurke,  water  commissioners,  Rockland,  Mass.:  A.  W.  Danforth, 
Reading,  Mass.;  Dr.  Benj.  P.  Wall,  Berkeley,  Cal.;  .Vrthur  E.  Blackmer, 
.superintendent,  Plymouth,  Mass.;  Wm  E.  Bailey,  commissioner,  Be\erly  Mass. ; 
H.  O.  Brooks,  Lowell,  Mass.  —  9. 

[Names  counted  twice  —  6.] 

After  luncheon  had  been  served,  and  before  the  opening  of  the 
reguhir  exercise.s  of  the  afternoon,  an  informal  addre.s.s  of  thanks 
was  made  by  the  President,  on  behalf  of  a  large  number  of  active 
and  associate  members  of. the  Association,  accompanied  by  the 
presentation  of  a  gold  watch,  duly  inscribed,  to  Mr.  Frank  E. 
Merrill,  whose  services  in  connection  with  the  annual  convention 
at  Fabyans,  N.  H.,  were  not  only  untiring  and  self-sacrificing, 
but  liighly  appreciated.  Mr.  ^lerrill,  to  whom  the  presentation 
came  as  a  complete  surprise,  made  a  response  accepting  the 
gift  with  heart}'  thanks  and  expressions  of  satisfaction  in  the 
kind  feelings  which  prompted  it. 

Applications  for  active  membership  by  the  following-named 
persons,  properly  endorsed  and  recommended  by  the  Executive 
Committee,  were  presented  by  the  Secretary: 

William  C.  Lounsbury.  Superior,  Wis.,  bacteriologist  and 
chemist  for  the  Superior  Water  Company;  Henry  A.  Symonds, 
Athol,  Mass.,  superintendent  water  works;  George  H.  Finneran, 
Boston,  Mass.,  chief  clerk  distribution  division,  Boston  Water 
Department;  Andrew  S.  Corr.  Phillipsburg,  N.  J.,  inspector 
of  cast-iron  pipe  for  gas  and  water  companies,  and  water-works 
materials  for  various  cities  and  corporations;  Hardolph  Was- 
teneys,  Brisl)ane,  Australia,  chemist  to  the  Brisbane  Water 
Works  and  director  of  laboratory;  C.  P.  Nibecker,  Pittsburg, 
Pa.,  connected  with  the  operation  of  filter  plants  for  the 
American  Water  Works  and  Guarantee  Company;  Edgar  A. 
Gate,  Everett,  Mass.,  in  charge  of  water  income  and  department 
accounts;  Elton  D.  Walker,  State  College,  Pa.,  professor  of 
hydraulic  and  sanitary  engineering,  and  expert  for  Pennsjdvania 
State  Department  of  Health. 

On  motion  of  Mr.  Coggeshall,  the  Secretary  was  instructed  to 
cast  one  ballot  in  favor  of  the  applicants,  and  he  having  so  done 
thev  were  declai'cd  rei>tilarlv  elected  memljers  of  the  Association. 
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The  President  read  the  foll()\vin<>;  minute  adopted  by  the 
Executive  Committee  and  ordered  to  be  presented  to  the  Asso- 
ciation for  its  action: 

"  It  has  come  (o  the  knowledge  of  your  Executive  Committee 
that  the  appropriation  for  the  gaginii;  of  streams  and  other 
investigations  of  the  water  resources  of  the  United  States  by  the 
United  States  Geological  Survey  was  reduced  at  the  last  session 
of  Congress  by  the  large  amount  of  $50  ()()().  this  being  one 
fourth  of  the  whole  sum  previously  appropriated.  We  learn 
also  that  some  of  the  congressmen  from  New  England  were 
active  in  bringing  al)out  this  reduction.  We  therefore  recom- 
mend that  the  following  minute  ])e  adopted  by  the  Associa- 
tion and  spread  upon  its  records,  and  that  a  copy  of  the  same, 
signed  on  behalf  of  the  Association  1)y  the  President  and  Secre- 
tary, l)e  mailed  to  every  member  of  Congress  from  New 
England. 

"  '  The  New  England  Water  Works  Association  has  learned  with 
regret  that  a  reduction  of  $50  000  was  made  at  the  last  session 
of  Congress  in  the  appropriation  in  the  Sundry  Civil  Bill  for  the 
work  of  the  United  States  Geological  Survey  in  the  gaging  of 
streams  and  other  investigations  of  the  water  resources  of  the 
United  States.  The  Association  l:)elieves  that  this  reduction 
was  uncalled  for  and  has  already  done  harm.  It  desires  to 
place  on  record  its  appreciation  of  the  hydrographic  work  of 
the  United  States  Geological  Survey,  and  its  earnest  hope  that  the 
members  of  Congress  from  New  England  will  exert  themselves  to 
see  to  it  that  the  reduction  be  not  continued  beyond  the  present 
year.  It  believes  that  the  industrial  progress  and  the  sanitary 
welfare  of  the  people  of  New  England  largely  depend  upon  the 
conservation  and  development  of  their  water  supplies,  and  it 
commends  the  judicious  activity  of  the  United  States  Geological 
Survey  in  making  stream  measurements,  investigating  the 
pollution  of  interstate  rivers,  and,  in  general,  in  seeking  out 
and  making  known  the  water  resources,  not  only  of  New  England, 
but  of  the  whole  country.'  " 

Mr.  Frank  L.  Fuller  moved  that  the  minute  as  read  be  accepted 
and  adopted.     Carried. 

.Mr.  Robert  J.  Thomas  called  attention  to  the  vacancy  in  the 
list  of  nominees  for  officers  for  the  ensuing  year  presented  b}' 
the  Nominating  Committee,  caused  by  the  death  of  Mi-.  Freeman 
C.  Cofhn.  who  was  named  for  one  of  the  vice-jiresidents,  and 
moved  that  the  same  committee  be  authorized  and  instructed 
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to  make  a  new  nomination  to  fill  the  vacancy.  The  President 
stated  that  the  constitution  does  not  make  definite  provision 
for  a  contingency  of  this  sort,  but  if  the  motion  were  passed 
without  objection  it  ought  to  have  all  the  force  of  law  and  the 
constitution.     Adopted. 

The  President  again  expressed  his  great  desire  that  at  the 
meetings  of  the  Association  a  larger  number  of  practical  expe- 
i-ience  papers  should  be  presented  than  has  been  customary  in 
recent  years.     Speaking. upon  this  subject,  he  said: 

"  As  many  of  you  know,  I  have  been  anxious  that  we  should 
have  at  our  meetings  a  greater  number  of  practical  papers  by 
the  water-works  superintendents  of  New  England.  We  find  it 
easy  enough  to  get  learned,  scientific  papers,  and  we  want  these. 
It  has  been  the  glory  of  this  Association  that  it  has  had  so  many 
such  papers,  and  that  some  of  the  most  important  original  articles 
of  the  day  in  water- works  science  have  been  read  at  our  meetings 
and  published  in  our  Journal;  but  for  a  large  majority  of  our 
members  actual  experience  papers  would  be  of  no  less,  and  per- 
haps even  greater,  interest.  Your  officers,  however,  have  no 
way  of  arranging  for  such  papers  unless  these  are  volunteered 
by  communications  from  individual  members.  If  any  man  is 
having  trouble  with  any  particular  problem,  and  is  willing  to 
talk  frankly  about  it.  and  get  advice  from  his  fellow  superin- 
tendents, let  him  dro])  a  note  to  ~Slr.  Kent  and  say  he  would 
like  to  talk  for  five  minutes  or  more  on  such  or  such  a  subject. 
We  shall  welcome  suggestions  of  that  kind,  and  I  am  particularly 
anxious  that  the  coming  meetings,  if  we  can  arrange  them  so, 
shall  l)e  devoted  largely  to  such  discussions.  To-day  we  have 
the  more  .scientific  and  more  learned  papei's,  so-called,  but  we 
ought  to  have  at  about  every  other  meeting  ])ractical  papers  also, 
dealing  with  tlie  difficulties  that  practical  men  are  encounter- 
ing from  day  to  day.  If  there  is  a  judicious  mixture  of  the  two 
kinds  of  papers,  the  Association  will  go  on  to  even  greater  suc- 
cesses than  it  has  attained  hitherto,  while  if  it  gives  itself  up 
wholly  to  either  alone  it  will  surely  fail  of  acc()m]ilishing  the 
best  results.  So  we  beg  any  one  of  you  who  has  in  mind  any 
topic  he  thinks  it  would  be  interesting  to  have  discussed,  to 
write  to  ^fr.  Kent  or  to  me  or  to  anv  member  of  the  Executive 
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Committee,  and  we  Avill  try  to  arran.se  for  its  discussion  and  see 
that   it  ii'oes  off  well." 

The  first  ])aper  of  the  afternoon  was  l)y  Mr.  Charles  R.  Felton. 
city  engineer,  Brockton,  Mass.,  and  was  a  "  Description  of 
Brockton's  New  Water  Works."  illustrated  by  stereopticon 
views.  Remarks  were  made  in  connection  with  the  paper  by 
Mr.  Desmond  FitzCerald  and  Mr.  Morris  Knowles.  The  second 
paper  was  b}'  Mr.  L.  ^l.  Hastings,  city  engineer,  Cambridge, 
Mass.,  entitled  "  A  Study  of  Some  Vital  Statistics."  This,  also, 
was  illustrated,  and  the  discussion  was  participated  in  by 
President  Sedgwick.  Mr.  Desmond  FitzGerald.  Mr.  Morris 
Knowles,  Mr.  Frank  L.  Fuller,  Mr.  Hiram  A.  ^Miller.  Mr.  Robert 
J.  Thomas,  and  Mr.  Charles  R.  Felton. 

Adjourned. 

EXECUTIVE  COMMITTEE. 

Tiemont  Temple,  11.30  a.m.,  November  14.  1906. 

Present:  President  William  T.  Sedgwick,  and  John  C.  Chase, 
Robert  J.  Thomas,  James  L.  Tighe,  George  A.  Stacy,  Lewis  M. 
Bancroft,  Frank  E.  Merrill,  and  Willard  Kent. 

Eight  applications  were  received  and  the  applicants  recom- 
mended for  membership. 

Eulogistic  remarks  were  made  on  the  life  and  character  of  our 
late  associate,  Mr.  Freeman  C.  Coffin,  and  the  committee  on 
nominations  of  officers  of  the  Association  for  the  coming  year 
were  requested  to  fill  the  vacancy  in  the  list  already  issued 
caused  by  his  death. 

The  question  of  place  of  next  annual  convention  was  discussed, 
and  on  motion  of  Mr.  Chase,  seconded  by  Mr.  Tighe,  the  subject 
was  referred  to  the  next  meeting  of  the  Executive  Committee. 

On  motion  of  Mr.  Stacy,  seconded  by  Mr.  Tighe,  it  was  voted: 

That  the  Executive  Committee  recommend  to  the  Association 
that  the  Association  express  its  regret  at  the  action  of  Congress 
in  reducing  the  appropriation  for  the  measurement  of  streams, 
etc.,  by  the  United  States  Geological  Survey.* 

Adjourned. 

Willard  Kent,  Secretary. 

*  See  minute  as  printed  on  page  4S9. 
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OHITUARY. 

Wii.LTA.M  \\'ixsL(iw  Bl'kxha.m  cUetl  in  the  Wilniin<>ton.  X.  C\. 
hospital,  Au.sust  U.  1906.  of  typhoid  fever,  after  an  iUness  of 
seven  weeks. 

Mr.  Burnham  was  l)orn  in  Biddeford.  Me..  August  24.  1875, 
graduating  from  the  Biddeford  High  School  in  1892,  and  from 
the  sanitary  engineering  course  of  the  Massachusetts  Institute 
of  Technology  in  1903.  Immediately  after  graduation  he 
obtahied  a  position  in  the  engineering  office  of  the  Massachusetts 
State  Board  of  Health,  which  position  he  resigned  June  1.  1904, 
when  he  accepted  an  appointment  to  the  United  States  Geolog- 
ical Survey.  Hydrographic  Division.  While  in  this  position  his 
work  involved  the  determination  of  the  depth  of  ground  waters 
over  the  desert  region  known  as  Carson  Sink.  He  was  also 
connected  with  the  Truckee-Carson  irrigation  project  which 
the  government  is  now  constructing  in  Nevada.  In  the  fall 
of  1904  he  made  a  sui'vey  of  the  surface  and  artesian  waters  of 
Georgia,  which  com])leted  his  work  with  the  United  States 
(leological  Survey. 

February  1 .  1905,  he  l)ecame  the  engineer  of  the  Hugh  ^lacRae 
Company  of  Wilmington,  N.  C..  with  which  company  he  remained 
until  his  death. 

Mr.  Burnham  was  married,  March  6.  1906.  to  :\riss  Ella  :\L 
Cate,  of  ^Maiden,   Mass. 

He  was  a  meml)er  of  the  Boston  Society  of  Civil  Engineers. 
He  was  elected  a  membei' of  this  Association  on  Septembei'  13, 
1905. 
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Freeman  Clarke  ("offix,  civil  en«iiiieer.  died  at  his  home 
in  West  ^Medfonl.  .Mass.,  on  November  11.  1906,  after  a  brief 
illness. 

Mr.  C'oHiii  was  born  in  Boston,  Septenil)er  14,  1851),  but  while 
he  was  very  yon nu'  his  parents  moved  to  Patten,  .Me.,  where  he 
received  his  early  education,  and  later  started  in  the  manu- 
facture of  furniture.  In  1SS2  became  to  Boston  and  entered 
the  employment  of  the  CoHin  Valve  Company,  of  which  his  umde 
was  one  of  the  managers,  as  a  pattern  makei-,  but  seeing  no 
opportunity  to  rise  in  this  work  looked  for  engineering  employ- 
ment, and  after  two  years  entered  the  office  of  the  late  M.  'SI. 
Tidd.  Mr.  Tidd  was  at  that  time  probably  better  known  as  a 
water-works  designer  and  builder  than  any  other  engineer  in 
New  England. 

Up  to  this  time  Mr.  Coffin  had  had  no  training  or  experience 
in  engineering  work,  and  he  was  then  twenty-eight  years  of  ago. 
Nevertheless,  in  al^out  two  years  he  became  ]\Ir.  Tidd's  princip  1 
assistant.  He  remained  with  Mr.  Tidd  about,  ten  years,  and 
in  1894  started  in  business  for  himself,  making  a  specialty  of 
water  works  and  sewerage  systems.  During  the  twelve  years  he 
was  in  business  he  constructed  many  such  systems  in  the  United 
States  and  Canada,  and  also  acted  as  expert  in  a  numbei-  of 
water-works  valuation  cases. 

A  few  years  ago  he  published  a  valuable  hairlbook  entitled 
"Graphical  Solution  of  Hydraulic  Problems." 

The  high  position  attained  Ijy  Mr.  Coffin  in  his  profession  is 
too  well  known  by  the  members  of  this  Association  to  need 
amplification  here.  At  the  time  of  his  death  he  was  the  senior 
vice-president  of  the  Boston  Society  of  Civil  Engineers,  and 
chairman  of  the  Sanitary  Section  of  that  society.  He  was  also 
a  member  of  the  American  Society  of  Civil  Engineers,  and  of 
the  Canadian  Society  of  Civil  Engineers. 

My.  Coffin  had  mucdi  to  do  with  inaugurating  and  carrying  out 
a  great  deal  of  the  most  important  technical  work  done  by  this 
Association.  A  brief  paper  entitled  "'A  Few  Notes  on  Cast-iron 
Pipe,"  presented  by  him  in  March,  1900,  published  in  the 
Journal  for  September  of  that  year,  suggested  the  preparation 
l:)y  this  Association  of  standard  specifications  for  cast-iron  pipe; 
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as  a  result  a  committee  was  appointed,  with  Mr.  Coffin  as  chair- 
man, which,  after  a  great  deal  of  work,  gave  us  our  present 
admirable  standard  specifications.  Later,  as  the  result  of  a 
brief  paper  presented  by  him  in  January,  1904,  a  committee  on 
meter  rates  was  appointed,  with  ^Ir.  Coffin  as  chairman.  For 
the  committee  he  opened  a  topical  discussion  on  this  subject 
at  the  March,  1904.  meeting,  and  submitted  i3rogress  reports 
at  the  1905  and  1906  conventions.  This  committee  is  still  in 
existence. 

Mr.  Coffin  had  also  presented  to  the  Association  a  considerable 
number  of  papers.  Among  the  most  important  of  them  may 
be  mentioned  the  following: 

"  Standpipes  and  Their  Design,"  1893;  "  Financial  Manage- 
ment of  Water  Works,"  1896;  "  Friction  in  Several  Pumping 
Mains,"  1896;  "  Application  of  Gas,  Ciasoline,  and  Oil  Engines 
to  Pumping  Machinery,"  1899;  "  Covered  Reservoirs  and  their 
Design,"  1900. 

He  had  never  held  office  in  this  Association,  but  had  just 
been  nominated  for  one  of  the  vice-presidents  for  the  year  1907. 
He  was  elected  a  member  on  February  13,  1899. 
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Quasi-Public  Corporation  Accountixg  and  Management.  By  John 
F.  J.  IMulhall,  P. A.  Boston:  Corporation  Publishing  Company.  Half 
morocco,  6^  x  9J  inches.     Pp.  203.     Price,  $5.00. 

This  book  treats  principally  of  the  accounts  and  other  records  which  should 
be  kept  by  public-ser\'ice  corporations,  including  water,  gas,  electric  light, 
steam  heatmg,  telephone,  and  electric  railway  companies.  Two  brief  chapter.s 
are  devoted  to  the  formation  of  corporations  and  information  relating  to 
stocks  and  bonds,  with  examples  of  stock  certificates,  bonds,  coupons,  trust 
deeds,  etc.  The  remainder  of  the  book  is  devoted  to  the  forms  of  account.s, 
records,  etc.,  needed  in  the  operation  of  such  a  corporation. 

Water  works  are  first  taken  up,  and  are  treated  at  greater  length  than  any 
of  the  other  kinds  of  public-service  works.  This  is,  however,  because  many 
of  the  forms  required  are  substantially  the  same  for  all  such  systems,  and  the 
principles  haxdng  been  once  set  forth  under  the  head  of  water  works,  it  woidd 
be  mere  repetition  to  present  them  again  in  detail  under  each  of  the  other 
kinds  of  works. 

Copies  of  all  the  important  forms  are  given,  in  most  cases  illustrated  by 
cuts  showing  actual  forms  on  reduced  scale.  Methods  of  keeping  the  cus- 
tomers' accounts,  as  well  as  the  ordinary  accoimts  of  the  company,  are 
explained.  A  part  of  this  section  of  the  book  was  outlined  by  the  author 
in  a  paper  presented  to  this  Association  at  its  convention  in  1905,  and  is 
printed  in  the  Journal  for  December,  1905,  page  395. 

Quite  as  important,  in  many  ways,  as  the  financial  record  of  such  a  com- 
pany, are  the  "  house-to-house  inspection,"  "  on-and-off  "  and  meter  records, 
construction  records,  etc.,  which  are  illustrated  in  some  detail. 

The  special  accomits  and  records  required  by  the  other  kinds  of  public- 
service  works  are  explained  and  illustrated  m  the  section  devoted  to  those 
works.  A  commendable  feature  is  the  inclusion  of  the  form  of  report 
required  by  the  Massachusetts  Board  of  Gas  and  Electric  Light  Commissioners. 

The  difficult  but  very  important  subject  of  depreciation  is  discussed  briefly. 
Tables  of  annuities,  compound  interest,  and  sinking  fimds  are  also  given. 
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